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ABSPRACT 
Redshank breeding biology is examined ind reviewed in relation 
to other sandpiper studies. 
" Primarily, general aspects are described. The mean clutch size 
was 3.82 eggs. Fourth eggs laid were significantly smaller and more 
likely to hatch last. N&st hatching success varied annually from 
30-741, with tidal flooding the main cause of nest failure. In 
successful nests, hatch success was less variable. Chick size at 
hatch was positively correlated with egg size. Pre-fledging mortality 
is discussed in relation to overall fledging success. 
Jurviving adults generally remained mate faithful. 
Experienced birds were found to nest earlier in the season and 
to produce larger eggs. In all years, female age correlated positively 
with egg volume. Inexperienced birds laid smaller eggs later in the 
season. Older birds were more successful at hatching eggs. 
Experienced breeders were more likely to return to their former 
breeding grounds than were younger birds, particularly when they were 
successful the previous year. Birds unsuccessful in the pr,: vious year 
were more likely to divorce. Divorced females were less site 
faithful than males and were more likely to disperse. 
Natal philopatry is discussed in relation to pre and post- 
fledgin; mortality. Philopatry is non sex biased and is estimated at 
being very high. 
Chick growth and development is considered and an age determining 
formula devised for ageing chicks from their weight and bill length. 
Growth rates were constant between and within years. 
Annual adult survival (0.75), life expectancy (3.48 years), and 
study area population are calculated. An estimated 175 pairs breed in 
the restricted area (168 pairs/km ) and approximately 500 pairs on the 
Nature Reserve. 
A model of population dynamics estimates pre-fledging mortality 
at between 66-74'; x. 
Timing of breeding in other waders and a comparison with the 
related Greenshank are reviewed in the Appendices. 
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Chapter 1 
Redshank Breeding Biology -A General Review 
General Introduction 
The Redshank Tringa totanus is a member of the order 
Charadriiformes, Family Scolopýicidae (sandpipers). 
Redshanks are to be found breeding in continental middle 
latitudes, mainly in temperate and steppe, but overlapping into 
boreal and Mediterranean zones. Within oceanic regions they extend 
into subarctic and marginally into low arctic areas. 
In the non breeding season Redshank are generally coastal. 
During the breeding season they are dependent on a high water table 
and local saturation of soil. Habitat types satisfying such requirements 
are coastal saltings, damp but not wet marshland, grassy fields subject 
to partial flooding, water meadows, rushy fields and wet pastures; 
occasionally they may be found on low lying damp moorland. 
The Ribble Marshes study of Redshank started in 1973. Since 
then Redshnnk have been intensively studied. Data have been gathered 
on a number of general topics, especially courtship, incubation, 
chick rearing, migration and winter distribution. More specialised 
studies have been undertaken on breeding site fidelity, natal philopatry, 
chick growth, female quality, and the timing of breeding. 
The initial aim of this research project was to attempt to gain 
a fuller understanding of the biology of Redshank. With the 
accumulation of basic data, it soon became possible to study some 
aspects of breeding biology in more detail. In particular, the 
study focussed on breeding dispersal, natal philopatry, female 
quality and growth rates in young Redshank. Comparisons between 
this study, and those carried out on other wader species, 
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particularly other sandpipers, are essential if we are to 
understand more about relatedness, quality of individuals, 
geographical differences in productivity both within and between 
species, and mortality. Only long term studies can provide the 
detailed in-depth information essential for such a complete 
understanding. 
Many short studies do provide useful material, but they often 
neglect the variables that lead to important seasonal variation. 
Only in recent years have studies of wader breeding biology begun 
to gather the data required for a fuller understanding of breeding 
biology, and in particular population dynamics. Classic works, such 
ntaý 
as Witherby eta (1941), Bannerman and Lodge(1961 Glutz (1977) 
and Cramp and Simmons (1983) provide a wealth of good information on 
breeding, distribution, plumage, migration and other aspects of 
biology. 
More specialised studies have been carried out by Byrkjedal 
(1978a, b 1980), Gratto et al (1985), Groaskopf (1958a, b, 1959,1963, 
1970), Hilden (1975,1978,1979), Holmes (1966,1970,1971,1972), 
Miller (1979,1983), Nethersole-Thompson (1951,1973), Nethersole- 
Thompson & Nethersole-Thompson (1979), Oring et11 (1982,1983), 
Soikkeli (1967,1970) and Pienkowski (1983,1984a, b). These studies 
have been concerned with individual species for at least 3 years. 
Such long term 't(ttensive studies have added greatly to our 
understanding of breeding biology and populations. For example 
see Coulson's recent review of Kittiwake Risaa tr d ctvla studies 
(Coulson and Thomas 1985). 
Other workers have concentrated on more specific problems 
rather than on individual species. Major reviews have appeared on 
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population dynamics, timing of laying, courtship and mating systems 
by Burger and Olla (1984), Erckmann (1983), Goss-Custard (1978/79), 
Greenwood (1980,1982), Green, Greenwood and Lloyd (1977), 
Jenni . 
(1974), Miller (1979 a., b., 1983 a, b. ), Perrins (1970), 
Vaisanen (1977), and Vaisanen et al (1972). 
At an International Workshop on the Ecology of Shorebirds, held 
in Cardiff in September 1983, the selection of papers presented 
indicated that wader research was very much on the increase. 
However, the majority of research has been on feeding ecology of 
wintering waders. One of the aims of the Symposium was to attempt 
to promote more research on breeding waders (W. S. G. B. December 1983). 
It is hoped that the current upsurge in breeding studies-will continue, 
as our knowledge is still very sparse. This international upsurge 
is also reflected in wader studies in Britain. At a recent Wader 
4Jorkshop, held in Durham in December 1985, the participants were 
involved in both single species studies and more general wader 
problems. One obvious gap is the lack of long term research. 
Studies of 2-3 years duration by post-graduate students are often 
then discontinued. 
It is noteworthy that the Ribble ßedshank project has involved 
five 3-year postgraduate students and three research technicians. 
The entire project has been over-viewed by Professor W. G. Hale, 
thus allowing for a long term project which is constantly reviewing 
the status of research, with the aim of maintaining the continuity 
whilst minimising repetition. The long term nature of the study 
makes it possible to assess annual variations and provides a fuller 
picture of the biology of the Redshank than would be possible from 
a short term study. 
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My own contribution, following on from the work of Greenhalgh, 
Ashcroft, Selman and Yates, is intended to demonstrate age related 
differences in breeding time, egg size and reproductive output; 
and in the main to determine what role birds of differing age 
groups play in the population. 
Studies of age related reproductive differences in waders have, 
so far, received little attention: Anderson (1948,1951), 
Gratto et al (1983,1985), Grosskopf (1970), Hilden (1979), 
Thompson eta (1986) and Tuck (1972). Other studies have made 
passing reference to possible age-related reproductive differences. 
Research on other groups have highlighted age related 
variability, in particular Ankney and Macinnes (1978), Coulson 
and White (1958,1960), Coulson (1966), Coulson and Horobin (1976), 
Coulson and Porter (1985), Crawford (1980), Davis (1975), 
Greenwood at al (1979), Mills (1979), Nelson (1978), Ollasön and 
Punnet (1978), Perrino and Moss (1974) and Thomas (1983). 
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Alms 
The initial priority was to determine if birds of different 
ages performed differently within the population and if so to 
examine what aspects of breeding biology were affected. Such 
analysis could only be undertaken with the detailed background 
histories that exist for many of the Ribble birds. Secondary 
aims were to study breeding site tenacity and natal philopatry 
and to assess young Redshank growth and survival. 
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Study area 
This study was carried out on Banks Marsh 53°42' N, 02°55'W, 
an integral part of the Ribble Marshes National Nature Reserve, 
Lancashire, N. W. England. 
This NNR covers 2302 hectares of saltmarsh and intertidal 
flats on the south side of the River Ribble. The Nature Conservancy 
Council purchased 2182 hectares of Banks and Crossens Marsh in 1979 
to prevent it from being embanked and converted to arable land. 
A further 120 hectares (Hesketh Out Marsh) were added to the Reserve 
as part of an agreement with the owners. Approximately half of the 
area is vegetated saltmarsh and half is mudflats and sandbanks. 
The Reserve is of international importance for birds, 
supporting one of the largest wintering and passage populations of 
wading birds in Britain. During the autumn/winter months the 
saltmarsh is grazed by a large number of wildfowl. The mudflats 
and sandbanks also accommodate high numbers of passage and wintering 
waders. 
During late spring and summer the green marsh is grazed by 
some 850-900 cattle. Grazing begins at the end of April and 
continues well into autumn. Between 1974 and 1980 all of the study 
area was continuously grazed throughout the summer. Since 1980 the 
study area has been fenced off from the rest of the marsh by an 
electrified fence for a period of some ten weeks. Cattle grazing 
has therefore been controlled during the birds breeding season 
(see Fig. 1). The study area is the main part of a Sanctuary 
Zone to which entry by unauthorised persons is prohibited. It is 
therefore relatively free from any form of disturbance other than 
that caused by the research team. 
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F ig. 1. The Banks Marsh study area. 
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The research area (2 km2) is dissected by an extensive network 
of channels which fill and empty to a varying degree, depending on 
the state of the tide. There are also large areas of standing 
water in the form of scrapes and smaller pools. During early spring 
the marsh surface is saturated and the vegetation cover very short, 
as a result of air temperature, day-length, soil saturation and 
grazing wildfowl. During the following weeks the soil dries out 
gradually but may be saturated periodically by the spring tides. 
Vegetation growth once begun is rapid; and soon the marsh surface, 
and in particular the channel edges, have a luxuriant growth of 
grasses. Areas away from the channel edges are lower and 
subsequently vegetation growth is slower due to the higher levels 
of soil saturation. By mid-June the entire marsh is well vegetated. 
All year round the marsh is subject to varying degrees of 
flooding at the time of spring tides. These frequently cover the 
whole marsh, depositing all sorts of debris on the surface. When 
the channel edges are flooded, material is deposited, leading to 
the edges being higher than the surrounding marsh. These higher, 
drier channel edges are very important to breeding Redshank. 
Since the construction of the sea wall from Southport to 
Hesketh Bank, the saltmarsh on the westward (seaward) side has matured, 
rapidly spreading northwards and westwards. This rapid spread and 
maturation has been greatly harnessed by the pioneer Sparting anglica. 
Maturation of the surface marsh has been so rapid that channels which 
were uncrossable in 1973 are now easily crossed (u. G. Hale pers. 
Comm). On the landward side of the sea wall there are some fine 
examples of reclaimed marsh. Some of this land h4. s ditches, 
seasonally wet depressions, pools or generally wet grassland areas. 
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One such area, next to Old Hallow Farm, is worked as a minor 
study area and is normally grazed throughout the breeding season. 
The typical saltmarsh plant communities are represented on 
Banks Marsh. The major grasses are Festuca rubra, on the higher 
drier areas, and Puccinellia. maritima. The hybrid cord grass 
S. anglica is the dominant pioneer but in some areas, notably pool 
edges, the first pioneer is Salicornia snn. Additionally, there 
are large growths of Cochlearia danica on some channel edges, 
Attriplex littoralis and Aster trioolium on poorly vegetated areas 
and Glaux maritima and Armeria maritima on the more open areas of 
marsh. In many of the channels there are large growths of 
Halimione nortulacoides, giving much cover for sandhoppers 
Gammarus snn. when the tide is out. 
Banks Marsh supports a large number of breeding birds. In 
particular there is a very large colony of Black-headed Gulls 
Larus ridibundus, smaller colonies of Herring Gulls L. argentatus, 
and Lesser Black-backed Gulls L. fuscus. There is a large colony 
of Common Terns Sterna hirundo and also a small number of Arctic 
Terns S. naradisaea. Wading birds are poorly represented, with 
only Oystercatcher Haematonus ostralegus and Redshank breeding 
regularly. Redshank densities in some areas are amongst the 
highest ever recorded for the species (Hale 1980). Breeding 
wildfowl include Shelduck Tadorna tadorna, Mallard Anas Platyrhynchos 
and, very occasionally, Teal A. crecca. The only regular breeding 
passerines are Meadow Pipits Anthus oratensis and Skylarks A1nuda 
arvensis. For additional details see Greenhalgh 
(1971). 
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Methods 
Fieldwork began on the 20th, 17th and 12th of April and was 
terminated on 28th, 31st and 30th July in 1983,1984 and 1985 
respectively. A normal working day was from 9.00 to 18.00. A 
maximum of 4 days were missed over the three year period. 
Nest finding 
The whole study depended on a large number of nests being 
found. Nests were found in a variety of ways, every effort being 
made to find them at the laying stage. 
(a) Cold searching: Channel edges and edges of standing water 
were searched on a 4-day (sometimes 3-day) rota. Areas between 
ditches and more open green marsh were also meticulously checked. 
Initially, searching was relatively easy and quick, as nesting 
habitat (tussocks) were in short supply. Later in the season 
searching was slowed up due to the length and preponderance of 
suitable nesting areas. Where possible, almost every area of the 
study site was searched every four days. Searching involved 
walking, while looking from side to side at the ground. Where 
necessary, q stick was used to separate vegetation in tussocks. 
A 'search image' for nests and preferred habitat was quickly formed 
each year and greatly facilitated nest finding. 
Searching of this type begun prior to egg laying, allowing 
the searchers to "get their eye in" and also to identify areas of 
activity due to the number of nest scrapes. Nesting did not tend 
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to begin at the same time everywhere; small groups began to lay 
in isolated areas. 
(b) Flushing incubating birds: Occasionally whilst searching, 
but more often when walking across the marsh to set or empty nest 
traps, a bird would be flushed from an area of vegetation. A quick 
search usually then revealed a nest, normally with a full clutch. 
(c) Watching: Nests were sometimes found whilst sitting down to 
have lunch. Normally birds returned quickly and could be seen 
running back to eggs. Depending on the state of incubation, the 
return rate may be rapid. 
Watching back was by means of 8x30 binoculars and a telescope, 
but not many nests were found in this manner. On rare occasions 
a nest was found with a bird actually incubating. 
Nest marking 
Once found, nests were marked and numbered with a bamboo cane. 
The canes were pushed well into the mud, 10 paces from the nest, in 
order that they would not betray the location., Nests were plotted 
on a detailed mnp of the study area. 
From the moment of finding each numbered nest was allocated a 
Nest Data Sheet (Appendix 1). 
Nest visits 
At the laying stage nests were visited daily to determine, 
where possible, laying times and laying intervals. Once the clutch 
was complete, visits were no longer on a regular basis. Nests were 
visited to measure eggs, to trap the adults, and also to check for 
signs of hatching. Nests were visited during the hatch to ring and 
measure chicks. Great care was taken not to wear a path to the nest. 
Whilst setting traps it was important not to flatten the surrounding 
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vegetation. Normally, once the trap was removed any disturbed 
areas were tidied up. 
Eggs 
Nests found during the laying stage had their eggs numbered with 
an indellible marker. Eggs were numbered 1 to 4 in accordance with 
their order of laying, the first egg being labelled 1. If found after 
the clutch was complete, the eggs were Labelled A-D. 
The date of clutch completion was recorded for those nests found 
during laying. In completed clutches the date of clutch completion 
(or days incubated) was determined by: 
(a) counting back 25-26 days (incubation period) from the date of 
hatch; 
(b) estimating the angle of floatation of eggs in a cylinder of 
fresh water (for details see Yates 1982, unpubl. ). Generally there 
was good agreement between the two methods. It was essential to know 
when the eggs were going to hatch to maximise the number of chicks 
ringed in the nest. 
", t all nests, eggs were measured with vernier calipers: 
Egg length - to nearest 0.05 mm 
(L) 
Egg breadth - to nearest 0.05 mm 
(B) 
From these measurements a calculation for egg volume was made 
using the formul,,, of Vaisanen et al (1971). 
Egg volume =Lx B2 X 0.37698 + 3.283 (cm3). 
Vaisanen arrived at this formula by filling 50 redshank eggs 
of known length and breadth with a measured amount of water. 
Laying intervals 
Where a nest was known to contain a fresh egg, the interval 
between this time and the time the next egg appeared could be used 
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as an indication of laying interval. 
Incubation time 
This has been calculated from the completion of the clutch 
to the hatching of the first egg. 
Trapping 
Birds were trapped at the nest using a walk in funnel shaped 
trap made from wire mesh (10 x 25 mm), with a plastic netlon roof. 
In. 1984,85 we also used traps made of plastic mesh with a plt3st, c. 
netlon roof. These caused less injury to the trapped birds. 
The funnel shaped doorway was placed at the entrance to the 
nest with the main body of the trap placed over the eggs and then 
firmly pegged to the ground. On a few occasions each year, birds 
were caught without using a trap. 
Trapping tended to be carried out in two separate areas within 
the study area. Each trapping area was discrete with no more than 
10 traps being set in each. Once all the traps were set the study 
area was left for 2 hours. No nest was trapped on consecutive days 
if, on the previous day, a bird had been caught. No nest was 
trapped until incubation had been in progress for six days. At all 
nests the aim was to catch both adults. In 1983 trapping ended on 
5 July; in 1984 on 30 June; and in 1985 on 29 June. 
Towards the end of June the brooding drive was greatly reduced 
and trapping was normally ended prematurely, even though some nests 
were still present. This reduced the desertion rate. 
At the time of trapping all nests were emptied at once (in 
separate discrete areas). Emptying normally took 15 minutes. Once 
trapped, each bird was removed and placed in a separate bird bag. 
This had the effect of pacifying the adults. 
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Mist netting 
In addition to trapping at the nest, some birds were caught 
in mist nets. This part of the study was mainly concerned with 
capture of fledged Redshank. The ringing and measuring of birds was 
carried out all at once. Birds were checked for BTO ring and if 
ringed (control), the ring number was recorded. Each bird was 
assigned a separate data sheet (Appendix 2). Nest number, date and 
ring number were all recorded. 
The following measurements were also recorded on the data 
sheets: 
Weight (1 g); wing measurement (1 min); bill to feathers (0.5 mm); 
tail length (0.5 mm); tarsus length (0.5 unm); tarsus width (0.01 mm). 
Weight was measured using a Salter 200 g spring balance. Other 
measurements were made using dividers, 30 cm stopped ruler, and a 
micrometer for tarsus width. 
The number of summer plumage feathers on the breast, mantle, 
scapulars and secondaries were also recorded on data sheets (breast 
and mantle scores were counted in a 2.5 cm square). In 1984 and 1985 
the colour of the legs, the bill, and the presence or absence of 
juvenile inner median coverts, was scored for all birds (the 
technique was standardise, 6wl colour chart). The last criterion 
is an ageing technique for first summer Redshank discovered by 
N. G. Hale and first published in the BT0 Wader guide (Prater, 
Marchant and Vuorinen 1977, this study). 
Birds trapped without rings (from here on called unrings) were 
ringed with an individually numbered BTO ring and recorded on a 
bird data sheet. Once the unring was ringed, similar data was 
recorded as was gathered on ringed birds. 
Yates (Unpubl. 1982) highlighted the problems of sexing 
14 
Redshank. Several techniques: were used. 
(a) The cloaca method: the width and shape of the cloacal 
protuberance was examined. After egg laying, females have a 
fleshy distended cloaca, the male cloaca appears small and lacks the 
fleshy outer membrane. 
(b) The overall size of the bird: The weight, bill measurement, 
wing measurement and tarsus length were considered and compared with 
previous years data, if the bird had previously been captured. 
Museum specimens indicate females are larger than males (Hale 1971). 
(c) Pair complex method: A bird's case history was examined at 
the end of each season. If bird 'A' was caught with 'B' in one year 
and with 'C' and 'D' in previous years, then B, C and D must all be 
of one sex. Such groups, many of them very large (one contained 
67 birds), allowed for the accurate grouping of birds of like sexes. 
All data gathered since 1974 were stored on computer using the 1022 
Database management system. This facilitated access to and analysis 
of pair complexes. 
In accordance with Hale (1971) groups with consistently larger 
birds and fleshy cloaca were considered to be females; larger groups 
therefore gave rise to a greater degree of accuracy. At the end of 
the season each bird's data sheet and its previous capture and mate 
history were examined. There was good agreement between all three 
techniques. 
Hatching: 
Nests were visited regularly in the days before the hatch and 
the time recorded from the first chipping of the eggshell to the hatch. 
All hatched chicks were measured and ringed with I3T0 numbered rings and 
where a specific chick was known to have hatched from a specific egg 
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a note was made on the nest data sheet. 
Chicks were aged in the nest; wet, tired chicks were obviously 
last to hatch, whilst dry lively chicks hnd been hatched for some 
hours. At an asynchronous hatch, chicks could often be aged from 
1-4 (first to last). Where possible, hatch order was related to chick 
measurements and chick size to egg size. 
In cold weather, ringing chicks took preference over measuring 
chicks. Chick measurements were made by a 150 mm stopped rule and 
dividers and a 50 g Salter spring balance. 
Weight (0.5 g) 
Tarsus (0.5 mm) 
Bill tip to feathers (0.5 mru) 
Bill tip to rear nares (0.5 mm) 
Bill tip to front nares(0.5 mm) 
The ring allowed chicks subsequently re-captured to be aged 
accurately. 
Nest assessment: 
Nests were visited regularly to assess the clutch size and 
towards the end of their incubation period nests were checked for 
signs of hatching, Nests were also checked to assess that incubation 
was in progress. This was important at the laying stage to assess if 
incubation had begun before clutch completion and continued after 
trapping had occurred. (In some cases an adult continued to incubate 
when its mate had deserted). 
An attempt was made to follow all nests through to hatching or 
disappearance. In this manner all nests were classified according 
to their outcome. Regular visits allowed for a more accurate 
assessment of nest and egg losses. 
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After a flood, nests were said to have been 'lost to flood' 
if all eggs were gone when they were previously known to be present. 
If a nest was close to hatching, the flooded nest was examined for 
signs of shell fragments. 
Nests were adjudged as predated if egg fragments or yolk 
fragments were found in or near by the nest. 
Eggs were considered as addled/infertile if they failed to 
hatch, even though they had been fully incubated. 
Details on chick capture are given at the start of Chapter 4. 
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Redshank Breeding Biology -A General Review 
Introduction 
This chapter outlines and presents the wealth of basic 
information collated on breeding Redshank. All data were gathered 
in the 3-years study on the Ribble Marshes. 
Without an understanding and knowledge of the basic facts of 
breeding biology one cannot undertake more specialised studies. 
The breeding behaviour and biology of Redshank has been studied 
in detail by Grosskopf (1958 a, b, 1959,1963) 1970) in Wangerooge, 
Germany. More recent studies have been conducted on the Ribble 
Marshes by Ashcroft (unpubl. thesis 1')78), Hale and Ashcroft (1982, 
1983) and Yates (Unpubl. thesis 1982). The latter more specialised 
studies have added greatly to our understanding of the Redshank and 
its way of life. 
Generally, our understanding of wader biology is very poor 
with the exception of a few notable studies. In particular our 
knowledge of breeding sandpipers (Scolopacidae) is poor and in many 
cases even the most basic of information, such as laying dates, 
incubation period and fledging period, is lacking or totally 
inadequate. Our understanding of some Tringine sandpipers such as 
the Greenshank T. nebularia, Common Sandpiper Actitis hypoleucos and 
Spotted Sandpiper A. macularia has been greatly enhanced by long term 
studies. The Greenshank has been studied by the Nethersole-Thompsons 
in two different regions of Scotland (Nethersole-Thoiapson 1951; 
Nethersole-Thompson and Nethersole-Thompson 1979; Thompson et al 
1986; and Nethersole-Thompson and Nethersole-Thompson 1986). 
Common sandpipers have been studied in the Peak district (N. England) 
over a number of years (Holland et a 1982 a, b; and Yalden 1984,1986). 
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The Spotted Sandpiper has been studied in two different areas in 
North America (Hays 1972; Lank et al 1985; Oring and Knudson 
1972; Oring and Lank 1982,1985; Oring and Maxson 1978 and 
Oring et al 1983). 
Published data on other tringine sandpipers such as the 
North American Greater Yellowlegs T. melanoleuca, Lesser Yellowlegs 
T. flavipes and the Spotted Redshank T. erythropus are of a much 
lower standard. In addition to the lack of studies on the 'shanks', 
other Tringine sandpipers such as the Wood Sandpiper T. glareola 
and Green Sandpiper T. ochropus have been studied in little detail. 
In contrast, many Calidritine sandpipers have been studied in 
much greater detail. Tharough research has been undertaken on the 
Sanderling Calidris alba (Parmelee 1970 and Parmelee and Payne 1973), 
Semipalmated Sandpiper C. nusilla (Ashkenazie and Safriel 1979 a, b), 
Western Sandpiper C. mauri (Holmes 19716,1972,1973), Temminck's Stint 
C. temminckii (Hilden 1975,1978,1979), Least Sandpiper C. minutilla 
(Miller 1979 a, b, 1983 a, b), White-rumped Sandpiper C. fuscicollis 
(Parmelee 1968), Purple Sandpiper 0. maritima (Bengtson 1970,1975 ) 
and the Dunlin C. alnina (Holmes 1966 a, b, 1970,19710. and Soikkeli 
1967,1970 a, b and 1974). These studies concentrated initially on the 
gathering of basic information. In many cases the data gathered were 
then subjected to detailed analysis allowing for a fuller understanding 
of the breeding biology. 
For my own part, the following chapter is a general review of 
Redshank breeding biology on the Ribble marshes. These findings are 
integrated and compared with other studies of Redshank in the 
Discussion and, where relevant, comparisons are made with other 
sandpipers. It must be emphasised that the basic information 
gatliered is an important part of any study as all subsequent analyses 
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are normally based on the data gathered. By documenting much of 
this basic information, future workers on the species will be saved 
a great deal of work and will be able to start research at a higher 
level. It is also of note that several aspects, such as egg and 
clutch size, hatching success and laying dates may well be used as an 
indicator of breeding potential and success. Researchers carrying out 
work in later years can then examine these results in the light of 
their own findings, and perhaps make meaningful comparisons. 
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Results 
Arrival 
Redshank begin to arrive back at the breeding grounds from 
mid-February onwards. Birds have been sighted locally as early as 
6 February (DR36492 sighted 6.2,83 at Marshside, Southport). In 
contrast, birds have been sighted on the south coast of England as 
late as 8 March. These birds subsequently bred in the first nesting 
ways of that year. 
The earliest recording of Redshank (marked individual) on the 
breeding grounds is 17 March. Birds are present on the breeding 
grounds prior to this, but a number will not yet have returned. 
There is indirect evidence to suggest that younger birds 
returning to breed for the first time do so later than older, more 
experienced birds. However, it is very difficult to prove this 
without an active catching programme. 
A further two individuals were sighted on 11 and 14 March on the 
Plym and Severn Estuaries. These were not exact sightings as the 
identity of individuals remained unknown (the wing tag symbols were 
not clearly seen). 
Courtship and display 
At no time were quantitative data gathered on this aspect of 
biology. For full details see Ashcroft (1978) and Hale and 
Ashcroft (1982,1983). 
The first and earliest song flight was recorded on 10 March 1985. 
This was a full song flight, lasting at least 5 minutes, on a warm 
spring day with clear blue skies. 
The earliest copulation observed occurred beside a pool on 
31 March 1985. Throughout the three years study, copulations were 
rarely observed on the marsh. In contrast, copulations were seen 
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fairly regularly at the meadow site by Old Hollow Farm. Early 
copulations were almost certainly unsuccessful. 
By the end of March, beginning of April, Redshank song flights 
were observed more frequently. In particular there appeared to be a 
peak in singing activity in the late afternoon and early evening. 
Scraping 
The first definite signs of nest scraping give a good indication 
of how breeding behaviour is progressing. In 1983 the first nest 
scrapes were found on 4 April; by 16 April many scrapes were in 
evidence. In 1984 the first scrapes were not found until 7 April. 
On 7 April 1985 only a few scrapes were located on the breeding 
grounds, but by 12 April there were many more in some areas. In 
other parts of the marsh, however, there was less activity. 
Once the final scrape was selected, laying commenced. Normally 
the first egg was laid in a bare scrape. Lining was added whilst the 
remaining eggs were laid. Further details of scraping behaviour and 
displays were not recorded as this was previously studied in great 
detail by Ashcroft (1978 unpubl. thesis), and Hale and Ashcroft 
(1982,1983). 
Timing, of Lay-in 
Figures 2-4 show the dates of clutch completion (where known) 
of all nests found on the marsh during this study. In these figures 
the number of nests found during each 5-day period are plotted as 
histogram columns. 
In an attempt to explain the timing of laying in relation to 
tidal pattern, the predicted tidal heights are shown for the Ribble 
over the same period. These data are shown in figures 2a-4a. 
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Dates of clutch completion were known where a nest was found 
during laying or where a nest hatched enabling the date of clutch 
completion to be calculated (counting back 25-26 days). For a very 
few nests, date of clutch completion was estimated by observing the 
degree of egg floatation in a cylinder of fresh water. Over the three 
years, 43,54 and 63% of all nests were found during the laying period. 
In each year, egg laying occurred in two distinct peaks. In 1983 
the first clutches were completed between the 15-20 April. After this 
period, the number of clutches completed on a 5-day basis began to 
increase, peaking between 25-30 April. In 1984, the season got off to 
a much slower start but the majority of laying took place over a 
shorter period. In this case most clutches were completed between 
1 and 5 May. The 1985 season was different; many birds appeared to 
delay laying until after the beginning of May. As a consequence, the 
first observed peak was much smaller than in 1933 and 1984. 
In 1983 and 1984 the first peak of laying occurred after a spring 
tide of 9.5 m and 10 m respectively. In 1985 the second peak of 
laying occurred after a late series of spring tides peaking at 10.0 m. 
In all years a large amount of re-laying occurred after each spring 
tide over 9.5 m. In 1983 there were two very high series of tides 
peaking at 9.8 m (13 Flay) and 9.9 m (14 June). As a result of these 
tides, there was very heavy nest losses resulting in a considerable 
amount of relaying. In 1984 the lack of tidal innundation resulted 
in only a few nests being lost. The majority of relays which were 
recorded arose as a result of Redshank losing. their chicks at an early 
stage of development. In 1985 the huge tide which occurred on 5 May 
(10 m) resulted in the loss of almost all nests which were in existence 
at that time. As a result of this tide, some nests which were lost were 
replaced. 
29 
In 1983 the last clutches found were completed in the last week 
of June. In 1984. and 1985, a year of no late season flooding, the 
last nests were completed in the third week of June. 
In areas of the marsh outside the study area, laying was found to 
be even more protracted due to nest destruction by cattle. 
In any one year, birds were subjected to the same environmental 
conditions. It was therefore of great interest to examine laying dates 
in-an attempt to determine why some birds laid early and others late. 
Egg laving times 
Once the scrape has been selected and the female is ready to 
lay, egg laying commences. Prior to the actual laying of the egg 
she remains quiet, close to the nest. Very often the male is also 
present at this time. 
On one occasion a female, obviously about to lay, was watched 
back to an empty scrape. She walked very slowly and it was noted that 
the underside of the bird in the areaof the cloaca was greatly 
distended. This scrape was checked three hours later and found to 
contain a fresh egg. Neither adult was then present. 
On another occasion a female Itedshank was lifted from a nest with 
four eggs. One of the eggs was wet and sticky on the shell and was 
presumably just laid 
(see Methods). The female appeared lack-lustre 
and the cloaca was greatly distended and also contained mucoid material 
around it. Generally such observations are rare. However, it has been 
possible to estimate timing of laying of some eggs due to the presence 
of sticky mucoid material on the eggshell. 
On one occasion an egg was known to be laid between 4. a. m. and 
a. m. Twenty one eggs were laid between B a. m. and 12 noon and 
another twenty six between noon and 4 p. m. Over the study period 
seven eggs were laid between 4 p. m. and 8 p. m. 
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These egg laying times are not wholly representative as the 
AocrºoNy 
study area wash only worked between 9 a. m. and 6 p. m. Eggs laid 
before or after this period would not be detected as regularly. 
Because of the bias in field work, little else can be concluded from 
these data. 
Laving intervals 
The egg laying intervals calculated represent minimum times 
that the nest contents remained the same (the interval between the 
laying of eggs was a minimum of x hours). 
Table 1.1 Egg laying intervals: the minimum time 
recorded between the laying of one egg. 
Minimum time nest 
contents remained 
the same (hours) 
24-28 
28.01 - 32 
32.01 - 36 
36.01 - 40 
frequency 
observed 
40 
11 
1 
Mean s. d. 
25.5 1.42 
29.5 1.08 
40.01-44 
44.01 - 48 
48.01 - 52 
52.01 - 56 
56.01 - 60 
60.01 - 64 
64.01 - 68 
4 
2 
1 
40.9 0.629 
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In two nests the contents remained the same for a mean of 
69.5 hours (s. d. = 1.5) and in one further nest the 
contents did not change for 98 hours. In all cases, 
at least one egg was laid after the recorded interval. 
Some additional data have been gathered on the period for 
laying two or more eggs. In this case the nest contents have changed 
by at least two eggs between visits. Where the time difference 
between the first and second visit was short, a more accurate 
estimate of laying period was achieved. 
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Table 1.2 The change of nest contents 
over a known period of time. 
No. of eggs laid 
since last visit 
2 
2 
2 
2 
Period between 
nest visits (hours) 
42* 
48* 
48* 
115 
2 117 
2 126 
2 144 
3 72* 
3 73* 
3 97 
# in these cases egg laying intervals can be 
more accurately determined. 
Additional findings: 1 egg was laid in less than 
27 hours 40 minutes. Finally, a nest with a very 
fresh egg contained three eggs, one of which was 
fresh 73 hours 30 minutes later. The average 
laying interval was therefore 36 hours 45 minutes. 
Calculations of a mean laying period between eggs is difficult 
without exact observations. However, several points can be made: 
(a) the laying interval between eggs may extend over 40 hours 
(10 instances). 
(b) In two instances, where 3 eggs were laid within a given period, 
the average laying interval could not be more than 36 - 36.5 hours. 
(c) In one case two eggs were laid in a period of almost 73 hours 
30 minutes. As in (b) this averages out at 36-37 hours between the 
laying of eggs. 
Finally, the shortest known laying interval (27 hours 
40 minutes) clearly demonstrates that eggs may be laid within 
30 hours of each other. 
Over the period of study, nest contents were carefully checked 
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and documented. At the end of each season the main clutch size 
was calculated for nests found on the study sanctuary and for nests 
found outside the sanctuary. 
Clutch size 
Table 1.3a Clutch size. The frequency observed of 
clutches of different and unknown size. 
Data are shown for all years. 
(study sanctuary zone) 
Year c/1 c/2 c/3 c/4 c/5 c/6 unknown 
1983 7 3 14 164 1* 1# 8 
1984 7 1 7 169 2* - 11 
1985 8 1 5 143 --8 
Table 1.3b The mean clutch size for all nests of 
known clutch size found on Banks Marsh. 
Year No. of nests of No. of eggs Mean s. e. 
known clutch laid clutch 
size 
1983 190 722 3.80 0.049 
1984 186 716 3.85 0.046 
1985 157 597 3.80 0.055 
1983-85 533 2035 3.82 0.029 
Notes: The c/6 arose after one egg was broken by a dog at 
the laying stage. 
# The c/5 in 1983 and one c/5 in 1984 arose when an 
egg was dumped in a nest by a 'foreign' female 
after incubation had begun. 
There was no statistical difference in mean 
clutch size between all three years. 
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Table 1.4a Clutch size: the frequency observed 
of clutches of different and unknown 
size. Data are shown for all years 
(Old Hollow meadows). 
Year c/1 c/2 c/3 c/4 unknown 
1983 -- 28 1 
1984 -- 16 - 
1985 -- -9 3 
e 
Table 1. 4b The mean clutch size for all nests 
of known clutch size found on 
Old Hollow meadows, 
Year No. of nests of No. of eggs Mean s. e. 
known clutch laid clutch 
size 
1983 10 38 3.80 0.133 
1984 7 27 3.86 0.143 
1985 9 36 4.0 0.000 
1983-85 26 101 3.88 0.064 
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Egg size 
Every year an effort was made to measure as many egzis as possible. 
Ngg measuring was carried out for several reasons: 
(a) by measuring length and breadth an estimate of egg volume may 
be calculated. 
(b) egg size could be related to female size and age. 
(c) egg size could be related to chick size. 
(d) egg size could be examined in relation to laying order. 
A total of 1349 eggs were measured, of which only some were of 
known laying order. 
Table 1.5 examines the relationship between egg laying order 
and egg length, breadth and volume. 
Trible 1.5 The mean size of eggs ( Length, Breadth and 
Volume) in relation to their laying order, 
1983 1984 1985 
Mean s. d. (n) Mean s. d. (n) Mean s. d. (n) 
Egg 1 L. 4.487 0.17 61 4.526 0.19 91 4.515 0.128 53 
B 3.187 0.096 61 3.186 0.079 91 3.160 0.079 53 
Vol. 20.49 1.44 61 20.61 1.10 91 20.25 1.023 53 
Egg 2 L. 4.493 0.15 53 4.511 0.148 89 4.526 0.153 50 
B. 3.199 0.08 53 3.207 0.086 89 3.179 0.066 50 
Vol. 20.64 1.26 53 20.79 1.22 F. 9 20.54 1.051 50 
Egg 3 L. 4.508 0.18 53 4.523 0.151 91 4.535 0.117 50 
B 3.205 0.086 53 3.206 0.086 91 3.182 0.068 50 
Vol. 20.76 1.37 53 20.77 1.113 91 20.62 1.002 50 
Egg 4 L. 4.558 0.17 69 4.534 0.186 90 4.528 0.188 49 
B. 3.17 0.06 69 3.159 0.081 90 3.121 0.083 49 
Vol. 20.56 1.07 69 20.37 1.29 90 19.95 1.352 49 
L= Length 
B= Breadth 
Vol= Estimated Volume 
The most obvious result to emerge is that the fourth egg is 
always smaller than the second and third eggs. The first egg is 
also small, but normally not as small as the fourth. The 
implications of egg size in relation to laying order are discussed 
later. 
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The results in Table 1.6 highlight the variation that was found 
to exist in egg length, breadth and volume. 
Table 1.6 The annual variation in egg size 
over three field seasons. 
Year no. of eggs 
measured 
1983 557 Max L 5.075 x 3.26 23.61 
B 4.55 x 3.435 23.52 
Vol 4.915 x 3.3625 24.23 
Min L 3.95 x 3.33 19.79 
B 4.27 x 2.8225 16.11 
Vol 4.27 x 2.8225 16.11 
1984 583 Max L 5.645 x 2.895 21.11 
B 4.44 x 3.60 24.97 
Vol 4.44 x 3.60 24.97 
Min L 3.95 x 3.28 19.30 
B 4.185 x 2.825 15.87 
Vol 4.00 x 2.88 15.79 
1985 249 Max L 4.945 x 3.19 22.25 
B 4.48 x 3.345 22.18 
Vol 4.785 x 3.335 23.34 
Min L 3.765 x 2.715 13.74 
B 3.765 x 2.715 13.74 
Vol 3.765 x 2.715 13.74 
As a general comment, the smallest eggs tended to be fourth eggs. 
Large eggs were normally much larger than others in the clutch. 
Clutches of large eggs were found to be produced by the same female 
on consecutive years. 
It was strongly suspected that egg size (length, breadth and 
volume) varied in accordance with the order of laying (Table 1.5). 
To test this idea, a series of paired t-tests were carried out. 
The mean egg lenfhs of all known first eggs were compared with the 
mean length of second, third and fourth eggs. Second eggs were 
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compared with third and fourth eggs and third eggs with fourth eggs. 
Similar analysis were conducted on mean egg breadths and volume. 
The 1984 data set was used because it was the largest single 
set of data. 
The statistical comparison of eggs of known laying order are 
shown in Tables 1.7,1.8 and 1.9. 
Table 1.7 Between clutch comparisons of egg lengths 
_of 
known layin g order , 1984 data. 
Variable No Mean s. d. s. e. t Deg. of p 
freedom 
Fgg Length 1 78 4.5056 0.152 0.017 0.16 77 0.872 
2 4.5034 0.150 0.017 
1 78 4.5056 0.152 0.017 -1.08 77. 0.285 
3 4.5206 0.153 0.017 
1 77 4.5047 0.153 0.017 -1.15 76 0.256 
4 4.5253 0.194 0.022 
Length 2 78 4.5034 0.15J 0.017 -1.28 77 0.206 
3 4.5206 0.153 0.017 
2 77 4.5007 0.149 0.017 -1.48 76 0.142 
4 4.5253 0.194 0.022 
Length 3 77 4.5220 0.153 0.017 -0.22 76 0.824 
4 4.5253 0.194 0.022 
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Table 1.8 Between clutch comparisons of egg breadths 
of known laying order, 1984 data. 
Variable No. Mean s. d. S. e. t Deg. of p 
freedom 
Egg Breadth 1 78 3.1873 0.074 0.008 -2.23 77 0.029 
2 3.2017 0.089 0.010 
1 78 3.1873 0.074 0.008 -1.29 77 0.201 
3 3.1956 0.073 0.008 
1 77 3.1879 0.075 0.009 4.37 76 0.000 
4 3.1565 0.083 0.009 
Breadth 2 78 3.2017 0.089 0.010 0.95 77 0.343 
3 3.1956 0.073 0.008 
2 77 3.2024 0.090 0.010 5.78 76 0.001 
4 3.1565 0.083 0.009 
Breadth 3 77 3.1966 0.073 0.008 5.61 76 0.001 
4 3.1565 0.083 0.009 
Table 1.9 Between clutch comparisons of egg volumes 
of known laying order, 1984 data. 
Variable No. Mean s. d. s. es t Deg. of p 
freedom 
Egg volume 1 78 20.5672 1.127 0.128 -1.62 77 0.110 
2 20.7071 1.266 0.143 
1 78 20.5672 1.127 0.128 -1.46 77 0.149 
3 20.7033 1.138 0.129 
1 77 20.5708 1.134 0.129 2.25 76 0.027 
4 20.3088 1.360 0.155 
volume 2 78 20.7071 1.266 0.143 0.04 77 0.967 
3 20.7033 1.138 0.129 
2 77 20.7045 1.274 0.145 3.34 76 0.001 
4 20.3088 1.360 0.155 
volume 3 77 20.7194 1.136 0.130 4.03 76 0.001 
4 20.3088 1.360 0.155 
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There is no statistical difference in egg lengths of different 
laying order. Fourth eggs are of significantly smaller breadth than 
first, second and third eggs. First eggs are of smaller breadth than 
second eggs. 
The effect of egg breadth carries through to egg volume. 
Fourth eggs are of significantly smaller volume than eggs laid first, 
second and third. Thus, egg size is at least partially determined 
by order of laying. 
For clutches where all eggs were measured, a mean egg length, 
breadth and estimated volume were calculated. This allowed for the. 
mean egg size of one clutch laid by a female to be compared with the 
mean egg size of a second clutch laid by the same female, 
It was felt that mean egg size might vary between a first and 
repeat clutch. Secondly, if an age effect was involved in egg size, 
mean egg size may vary (for one female) from one season to the next. 
A series of paired tests were carried out to compare the mean egg 
length, breadth and volume of a first and repeat clutch. 
Table 1.10 A comparison of ºnean egg size of eggs laid 
in a first and repeat clutch. (The eggs from 
first and repeat clutches were known to be 
laid by the same females). 
Mean s. d. s. e. t Deg. of 
Mean egg L. Cl 4.4683 
C2 4.5023 
Mean egg B. C1 3.1843 
C2 3.1885 
Mean egg Vol. Cl 20.3822 
0.126 
0.131 
0.076 
0.065 
1.127 
freedom 
0.024 -2.43 26 
0.025 
0.015 _0.39 26 
P 
0.022 
0,697 
0.013 
0.217 -1.22 26 0.233 
C2 20.5530 1.014 0.195 
For 27 second clutches, laid by the same female within one season, 
there was no significant difference between mean egg breadths and 
volume. Generally the second clutch contained slightly larger 
eggs, but this was not significant. 
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A series of paired t-tests were carried out to compare the 
mean egg lengths, breadths and volumes of clutches laid in 
consecutive years by the same females. 
Table 1.11 A comparison of mean egg size of eggs laid 
in two consecutive years by the same females. 
Mean s. d. s. es t Deg. of p 
freedom 
Mean egg L. Cl 4.5188 0.148 0.020 -1.70 55 0.095 
C2 4.5358 0.153 0.021 
Mean egg B. 01 3.1895 0.062 0.008 0.01 55 0.946 
C2 3.1890 0.068 0.009 
Mean egg Vd. C1 20.6311 1.031 0.138 -0.64 55 0.525 
C2 20.6841 1.036 0.139 
For 56 clutches laid in two consecutive years by the same 
females, the mean egg length, breadth and volume did not 
significantly change. Generally, clutches were of slightly 
larger estimated volume in the second year of measuring. 
Incubation 
Over the period of study, a total of 193 incubation periods 
were recorded. In order to determine an incubation period, a nest 
had to be found at the time of laying and then visited at hatching. 
In this study, no attempt has been made to study incubation 
periods of individual eggs. Periods shown in Table 1.12 therefore 
represent the time period between incubation initiation and hatching 
of the first egg. 
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Table 1.12 A frequency distribution of the incubation 
periods of Redshank on Banks Marsh. 
Incubation period 1983 1984 1985 
(days) 
22 003 
23 28 11 
24 5 28 32 
25 5 22 17 
26 9 17 4 
27 462 
28 443 
29 122 
30 000 
31 101 
(n) 31 87 75 
In 1983 the mean incubation period was 26.27 days (s. d. 1.7). 
Mean incubation periods in 1984 of 25.52 days (s. d. = 1.32) and 
24.97 days in 1985 (s. d. _ 1.63) were recorded for 87 and 75 clutches 
respectively. 
The incubation periods over the three field seasons ranged from 
22-31 days. The mean was least in 1985, possibly arising as a result 
of decreased levels of disturbance caused by field workers. 
Some of the longer incubation periods of 28 days, and more, 
were almost certainly due to single parent incubation. On several 
occasions a bird continued to incubate after its mate had deserted. 
This was confirmed by the capture of a bird at a second nest whilst 
its first nest was still in use. A visit to a single parent nest 
often revealed the eggs, which had not been incubated for some time, 
to be cold and wet, suggesting that single parents devoted less time 
solely to incubation. This would have to be tested by studying 
brooding rhythms in pairs and in single adult incubated nests. 
In 1985, a. nest found with one egg on 23 April contained 3 eggs 
by 26 April. When checked on 27,29 and 30 April the eggs were cold 
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and vet. A large tide on 30 April covered the eggs by an such as 
1 metre of vater. Following this tide, which did not love the eggs, 
incubation began. Therefore, in this case there was a protracted 
incubation period due to a delayed onset of incubation. 
In 1983 a nest with four eggs was flooded on consecutive days 
8-9 days after incubation had begun. On both occasions the eggs were 
washed out of the nest. After each flood the eggs were found and 
re-placed in the nest. Incubation continued and three out of four 
eggs hatched after 27.5 days. At another nest, a clutch of three 
eggs was deserted just prior to hatching. The eggs remained un- 
incubated for two nights and a day, after which they were added to 
another nest. All the eggs hatched out despite the lack of incubation 
at such a critical time. These accounts give an indication of the 
tolerance exhibited by Redshank eggs. Such tolerance may be 
essential in a system where nests and eggs are periodically at risk 
from flooding and chilling. 
Four periods of extra long incubation were recorded. In 1983 
two birds sat for a minimum of 35 and 37.5 days. In both cases the 
eggs were damaged as a result of flooding. In 1984 two birds sat on 
infertile eggs for 62 and 64 days. In the first case, only one bird 
(a female with an infected cloaca) was ever caught at the nest. At 
the second nest one egg hatched after 25 days. The other three eggs 
were infertile and were incubated for a further 39 days. In this case 
we do not know what happened to the ringed chick after it left the 
nest. 
Incubation periods appeared to be longer in the early half of the 
season. To test this, the relationship between date of clutch 
completion and incubation period was examined by a correlation analysis. 
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Table 1.13 The relationship between date of clutch 
completion and incubation period 
(Pearson's correlation coefficients (r)). 
Tear Pearson's Probability (n) 
(r) 
31 1983 -0.4527 0.005 31 
1984 -0.1408 0.097 87 
1985 -0.4652 0.001 75 
With the exception of 1984, there is a negative correlation 
Which is significant. Therefore, as seasons progress, incubation 
periods generally decline. The 1984 result is not significant. 
In both 1983 and 1985 the early season was punctuated with very bad 
tidal flooding. Long spells of high water may hamper incubation, 
particularly when nests are flooded. Consequently the incubation 
periods were longer in the early season. In contrast, there was no 
bad flooding in 19849 and therefore no delaying effects on incubation. 
Generally, atmospheric temperature is higher later in the season and 
therefore eggs chill less when the birds are disturbed. In 1984 
the weather was generally warmer than average, with April and early 
May particularly warm. This may also explain why a significant 
negative correlation was not found in 1984 
(see Discussion). In 
addition to climatic and tidal effects, other factors may influence 
the length of the incubation period. 
Nest rent acement 
Many pairs lost their nests for a number of reasons (Appendix 3). 
These birds generally re-laid relatively quickly. 
Where both birds were caught at both nests then the identity 
of the pair was known absolutely. Where only one bird was caught at 
one of the nests there was no certainty that the pair had remained 
faithful. 
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Birds could therefore be classified as (a) remaining faithful 
or (b) taking a new mate. Where this classification could be made 
it was possible to examine the effect of changing mate on the time 
taken to replace a lost or deserted clutch. 
Table 1.14 The time taken to replace a clutch 
(from nest/brood loss or desertion). 
Faithful pairs 
Days between Observed frequency 
first and 
replacement nest. Nest lost. Nest hatched 
(chicks presumably 
perished). 
8-_ 
9 - - 
10 - - 
11 2 - 
12 4 1 
13 1 5 
14 - 1 
15 - 2 
16 1 - 
17 - - 
18 - - 
19 - 1 
The mean time to replace a nest ranged from 12.4 days (s. e. 0.565) 
in those cases where nests were lost, to 14 days (s. e. 0.632) where 
broods have perished after leaving the neat. 
A Mann-Whitney test was carried out to determine if the observed 
difference was significant (Mann-Whitney M= 50.5, P=0.026). 
Therefore the time taken to replace a clutch is significantly less 
than the time taken to produce a repeat clutch after brood loss. 
This difference is almost certainly due to the time the brood survives. 
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Table 1.15 The time taken to replace a clutch 
from nest brood loss or desertion. 
Bird taking a new mate 
Observed frequency 
Days between Nest lost Nest hatched 
first and (chicks 
replacement presumably 
nest 
_perished) 
9 1 
10 1 
11 1 
12 - 13 2 
14 1 
15 - 16 1 
17 - 18 - 19 - 1 
20 1 
Where a pair has split up and one bird re-mated, the time taken 
to replace a nest averaged 13.25 days (s. e. 1.25). There was no 
significant difference in nest replacement time between faithful pairs 
and birds with new mates (Mann Whitney W= 63.5 p=0.67). 
The only real difference that exists concerns the date of brood 
loss. In this case, replacement is calculated from the day the chicks 
left the nest to the date of completion of the replacement clutch. 
Therefore, the time for replacement is overestimated if the brood 
survived for several days before perishing. 
Thus, Redshanks may replace clutches and broods if they are lost. 
Presumably broods are only replaced if they are lost at an early stage 
of development. 
Birds nesting with a new mate are able to replace a lost clutch 
just as quickly as a pair remaining together. On one occasion a female 
was involved with two males at separate nests and on another occasion 
a aale is thought to have been involved with two separate females at 
two nests simultaneously. 
Finally;, %1985, one female is thought to have re-laid twice 
after losing nests. 
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Birds caught 
The basis of much of this study depended on the accurate sexing 
of Redshank that were caught. As mentioned in the Methods, several 
techniques were used. Hale (1971) showed from a study of skins that 
there were slight differences in size between a male and female 
Redshank. 
Table 1.16 The number of birds caught (1983-1985) 
and the annual trapping success. 
Year No. of birds Total birds No. of traps % trap 
caught. caught set. success. 
including 
re-traps. 
1983 250 4 338 510 66% 
1984 277 380 634 60% 
1985 219+ 269 528 51% 
Note: "2 adults caught in mist nest 
+3 juveniles caught in mist nest 
The column on trapping success if of particular interest. 
The success dropped dramatically in 1985 and caused many problems 
to the general running of the project. Full discussion of the 
yearly variations in trap success are given at the end of this 
chapter. 
Ageing 
In 1983, all unringed birds (unrings) were not examined closely. 
These birds were not therefore subject to the standard ageing 
procedure used in 1984 and 1985. Some birds were of known age if they 
had been ringed as chicks, but these birds were a very small 
percentage of the overall catch. 
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Table 1.17 a The number of controls and unrings 
caught and the proportion of 
unrings considered to be first-year birds. 
Year Controls Total unrings Unrings Unrings 
caught caught 1-year old 71 year old 
1983 156 94 20* 74 
1984 160 117 32 85 
1985 156 60 24 36 
* underestimate (all birds not fully examined). 
Table 1.17 b Total birds caught and proportion 
that were 1st year birds. 
Year Total adults Total no. of The no. of first 
caught 1st years # years as ap of 
total birds caught 
1983 250 23 9.2 
1984 277 37 13.3 
1985 216 28 12.9 
* ringed and unringed at capture. 
Where birds were of unknown age, it was important to determine 
if these were first year birds or older. All birds were aged as 
outlined in the Methods. Birds were therefore classified as first 
year birds if they had retained some juvenile inner median coverts. 
In addition to examination of the inner median coverts, the leg colour, 
bill colour and degree of feather abrasion was scored. 
All birds caught in 1984 and 1985 were divided into one-year 
olds, two-year olds and birds of three years of age or more. Bird 
age was then correlated with the leg and bill colour and the degree of 
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feather abrasion observed. As the parameters involved were of an 
arbitrary nature, a non-parametric analysis was considered most 
appropriate. The main aim of the analysis vas to determine if the 
above recorded variables changed with age. 
Table 1.18 A non parametric correlation analysis to 
examine the relationship between leg colour, 
bill colour and feather abrasion with age 
(Kendall correlation coefficients), 1984 data. 
Leg colour Bill colour Feather abrasion 
(1-6 (1-3 (1-5) 
Male age 0.441*** 0.348*** -0.432*** (135) (135) (135) 
Female age 0.336ß** 0.446*** -0.386*** (135) (135) (135) 
n. s. not significant: 
*p <0.05; ** Pe-0-01; ##* p< 0.001 (used throughout thesis) 
Note: Leg colour ranged from dull yellow (3) to bright red (6). 
Bill colour ranged from dull grey-pink (1) to bright red (3). 
Feather abrasion ranged from none (1) to very heavy (5): 
* 
These results indicate that leg and bill colour get brighter as 
the birds get older and that older birds have less feather, and in 
particular primary abrasion, than do younger birds. 
So far, all first year birds ringed as chicks have been found to 
have retained some juvenile type inner median coverts. This appears 
to be a very reliable method of ageing Redshank. 
Am 
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Table 1.19 A non parametric correlation analysis 
to examine the rela-Uonship between 
leg colour, bill colour and feather 
abrasion with age (Kendall correlation 
coefficient), 1985 data. 
Leg colour Bill colour Feather abrasion 
(1-6) (1-3) (1-5) 
Kale age 0.219** 0.339*** -0.315*** (105) (105) (105) 
Female age 0.479*** 0.750*** -0.437*** 
(104) (104) (104) 
All correlations are significant. Therefore young birds of 
both sexes tend to have dull coloured legs and bill and exhibit more 
feather abrasion. 
The above Tables were all constructed using birds of known age 
groups. Birds which retdned their juvenile inner median coverts and 
were of unknown age were classified as first summer breeders. Birds 
which were unringed and did not possess juvenile inner median coverts 
were classified as being a minimum of two years old. These may, 
however, have been first time breeders. 
Bird measurements 
Not all birds caught were measured (see Methods). Of those adults 
measured A was possible to construct a Table to demonstrate the size 
differences between sexes (Table 1.20). For the benefit of this 
analysis, birds were sexed according to methods outlined at the 
beginning of this chapter. 
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Table 1.20 The annual variation of mean 
measurements of female Redehank 
caught at the nest (1983-1985). 
Female 
x 
Weight 132.5 
Right-ving169.8 
measurement 
Tarsus 48.0 
measurement 
Bill to 
feathers 42.0 
1983 
s, d. 
8.34 125 
3.82 125 
2.24 1251 
1984 
x s. d. jj 
134.0 8.19 138 
169.5 4.08 138 
47.5 2.10 1381 
1985 
.1 . iss 
in 
133.3 6.79 106 
168.2 4.04 107 
47.1 1.91 107 
1.94 1241 41.76 1.76 1371 41.9 1.91 99 
Table 1.21 The annual variation of mean 
 easurementa of male Redshank 
caught at the nest (1983-1985). 
Male 1983 1984 
z s. d. nxs. d. 
Weigh t 125.1 7.28 97 126.3 6.54 
Ritt-wing166.0 4.21 97 166.5 3.07 
measurement 
Tarsus 47.4 
measurement 
Bill to 
feathers 4C. 7 
2.17 97 1 46.9 2.00 
1985 
n s. d. 
118 126.5 6.83 62 
118,166.1 3.59 62 
1.83 97 40.6 1.90 11 
46.7 1.92 62 
41.2 1.44 62 
Tables 1.20 and 1.21 indicate that females are on average larger 
than males in every recorded measurement. There is, however a degree 
of circularity involved as some birds were actually sexed on the basis 
of size. Birds were also sexed according to cloaca shape and size and 
there was generally good agreement between the two techniques. There is 
obviously a degree of overlap between male and female measurements, 
but these results seem to indicate size is an important predictor 
of sex. 
Kate choice 
It was felt that mate choice may be made on the basis of size 
or perhaps even on the basis of summer plumage attained. As will be 
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seen in Chapter 2 there is a very strong positive correlation 
between male and female age caught at any one nest. Such a 
relationship may still be based on some cue, eg. size, plumage or 
other characters. 
To test the above, the size and plumage of all males and females 
caught together as pairs were correlated and a multiple regression 
analyses carried out to determine if any relationship existed. 
In these analysis, male and female size parameters were correlated 
together as were male and female summer plumage scores for the 
different body regions. 
In 1983 there were no significant correlations between male and 
female size, suggesting that selection was not made on the basis of size. 
In 1984 there was a sinificant positive correlation (r = 0.207, p< 0.05). 
between male and female weight. All other relationships showed no 
significant correlation. Fewer birds were caught in 1985 and as a 
consequence correlations were slightly higher. There was again a 
significant correlation (r = 0.256, p<0.05) between male weight and 
female weight. Additionally there were significant correlations 
between male age and female weight (r = 0.257, p 40.05) and male age 
and female wing measurement (r = 0.327, p <0.01), Finally, there was 
a positive but non significant correlation between male wing measurement 
and female wing measurement (r = 0.226, n. s. ). 
In 1984 the data set was subject to a correlation analysis to 
determine if mate selection was taking place on the basis of summer 
plumage attained. In the analysis, the number of summer feathers on 
male mantle, breast, scapulars and secondaries was correlated with the 
number of summer feathers on the female mantle, breast, scapulars 
and secondaries. 
Firstly, it appears that there is absolutely no selection on the 
basis of summer plumage attained. The number of summer plumage 
51 
feathers on the male mantle does not correlate significantly 
with number of summer plumage feathers on the female mantle 
(r _ 0.129, n. s. ) and male breast summer plumage does not correlate 
significantly with female breast counts of summer feathers 
(r = 0.159, n. s. ). 
It therefore appears that mate selection is not taking place 
on the basis of plumage. There may, however, be some selection on 
the basis of size. 
In those birds where summer plumage was quantified by detailed 
counts, it was possible to relate the amount of summer plumage attained 
on each body region to each other. 
The hypothesis being tested was: birds with a lot of summer 
plumage on one body region also had a lot on other body regions. 
The results are shown in Tables 1.22 and 1.23. 
Table 1.22 A correlation analysis to examine the 
relationship between the number of 
summer plumage feathers on each body 
region (Pearson's correlation coefficients (r)). 
Summer plumage Mantle Breast L. scaps. R scaps. L. secs. It. secs. 
feathers on 
Mantle 
Breast 
L. scapulars 
R. scapulars 
L. secondaries 
R. secondaries 
(For al'1 females 
0.703*** 
0.740*** 0.679*** 
0.736*** 0.657*** 
0.375*** 0.355*** 
0.354*** 0.331*** 
, n=116) 
0.880*** 
0.363*** 
0.383*** 
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0.399*** 
0.434*** 0.650*** 
Table 1.23 A correlation analysis to examine the 
relationship between the number of 
summer plumage feathers on each body 
region (Pearson's correlation coefficients (r)). 
Summer plumage Mantle Breast 
feathers on 
Mantle 
Breast 0.774*** 
L. scapulars 0.779*** 0.648*** 
R. scapulars 0.674*** 0.613*** 
L. secondaries 0.071 0.077 
R. secondaries 0.293** 0.271** 
(For all males, n= 116)98 4. 
L. scaps. R. scaps. L. secs. R. secs 
0 837*** 
0.195* 
0.341*** 
0.226* 
0.436***0.458*** 
The number of summer plumage feathers on each body region are 
highly and significantly correlated with each other. Thus, birds 
tend to have a relatively even distribution of summer feathers on each 
body region. 
Future studies would therefore benefit by reducing the amount 
of ferther counts taken. It would probably suffice to assess summer 
plumage on the basis of a mantle or breast count alone. This would 
give a good indication of overall plumage attained and would reduce 
bird handling time. 
The amount of summer plumage attuned did not appear to be 
an important basis for mate selection. Furthermore, there was no sex 
difference in the amount of plumage attained. 
( Jtq of qA'* '\) 
The next idea tested was that the amount of summer feathers 
attained may vary with age. To test this, the number of summer 
feathers on each body region was correlated with male and female age. 
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Table 1.24 The relationship between age and number 
of summer plumage feathers present on each 
body region (Pearson's correlation 
coefficients (r)), 1984 data. 
No. of summer plumage Female 
feathers on: Age 
! Kantle -0.083 
Breast 0.133 
Left scapulars -0.085 
Right scapulars 0.064 
Left secondaries 0.062 
Right secondaries 0.026 
Male 
Age 
-0.111 
0.063 
-0.003 
0.028 
0.109 
0.195 
All correlation coefficients were non significant. 
Finally, it was suggested to me that plumage may be a good 
predictor of breeding success and that well coloured birds may be 
more successful. 
This idea was tested by examining the date of clutch completion 
and the number of eggs laid and hatched in relation to an individual's 
summer plumage scores. The results of the correlation analysis are 
given in Table 1.25. 
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Table 1.25 The relationship betveer. date of clutch 
completion, eggs laid and eggs hatched, 
with number of summer plumage feathers 
present on each body region (Pearson's 
correlation coefficients (r)). 
(a) Females (%_ M) 
No. of summer plumage Date of clutch Eggs laid Eggs hatched 
feathers on: completion 
Mantle 0.063 -0.123 0.008 
Breast -0.022 -0.085 0.101 
Left scapulars 0.082 -0.185 0.045 
Right scapulars 0.047 -0.022 0.105 
Left secondaries -0.021 0.033 0.152 
Right secondaries -0.081 -0.019 0.053 
(b) MA. lee (c1: itb ). 
Mantle 0.026 -0.043 0.153 
Breast -0.085 0.065 0.181 
Left scapulars 0.006 0.020 0.156 
Right scapulars - 0.029 0.039 0.126 
Left secondaries -0.132 0.028 0.028 
Right secondaries -0.186 0.128 0.053 
All correlation coefficients were non significant. 
Results tabulated in Tables 1.24 and 1.25 indicate that there 
was no relationship between male and female age with amount of summer 
plumage attained and between date of clutch completion and number of 
summer feathers present. Therefore a bird's plumage is not a predictor 
of its timing of laying or of its age. 
Finally, it was shown that the number of eggs laid and hatching 
was in no way related to an individual's summer plumage. In conclusion 
it was demonstrated that plumage does not relate to an individual's sex, 
breeding time or breeding success (at least at the egg hatching level). 
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Mate fidelity 
The following analyses concentrate on two types of mate 
fidelity: 
(a) Those birds that nest together on two or more consecutive years. 
(b) Those birds that nest together on two or more occasions. 
Table 1.26 Mate fidelity. The number of pairs recorded 
nesting together on 2-5 consecutive years. 
No. of Frequency 
consecutive years of pairs 
together observed 
2 56 
3 11 
4 3 
5 1 
Table 1.27 The number of pairs recorded nesting 
together on two or more occasions. 
No. of Frequency 
years caught of pairs 
together observed 
2 31 
3 22 
44 
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The above Tables represent a crude analysis of Redshank mate 
fidelity. In Table 1.27 fidelity is recorded as any pair that has 
nested together on more than one occasion. Of these pairs caught 
together on 4 and 5 years, five of the seven pairs may have been 
together for at least six years. Finally, one pair was caught 
together in 1974,1978,1979,1980 and 1982. These were therefore 
associated over a span of 9 years. The last records hint at a 
very high degree of mate fidelity. In contrast, at least two adult 
Redshank have been found with 6 and 7 different mates. 
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Several things have an effect on mate fidelity, notably 
survival, previous years nest success, and arrival times on the 
breeding ground. For fuller discussion see Chapter 3 on breeding 
site fidelity. 
To undertake an analysis of mate fidelity the number of birds 
caught on consecutive years must be known. The following analysis 
allows for a more quantitative assessment of the level of mate 
fidelity exhibited. 
Table 1.28 Mate fidelity: a quantitative assessment. 
sears 
1983/84 
1984/85 
1982/83/84 
1983/84/85/ 
1982/83/84/85 
No. of birds 
caught on 
consecutive 
years 
100 
101 
35 
45 
17 
No. remaining % No. taking 
faithful to faithful new mates 
previous mate 
60 60 20 
34 33.7 30 
16,45.7 - 
6 13.3 - 
0-- 
Thus, 45.7% of those birds that returned in years 1982,1983 and 
1984 retained the same mate. Likewise, 13.3% of those birds that 
returned in years 1983,1984 and 1985 retained the same mate. The 
percentage returning over two consecutive years is greater in 1983, 
1984, presumably due to the increased number of birds caught in 1984. 
In contrast, the lower mate fidelity index calculated for 1984,1985 
is in part due to decreased catching efficiency and subsequently 
number of birds caught. A fuller explanation is dealt with in Discussion. 
Several reasons have been advanced as to why a pair should remain 
faithful or separate. One aspect that was examined concerned the 
effect of one years nesting success on the following years mate 
fidelity. The data set used for the analysis was gathered in 1983-84. 
In 1984 almost all pairs were successful due to the lack of tidal 
flooding (see Appendix 3). 
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Table 1.29 A chi-souare analysis to determine the 
effect of nesting success in one Year 
on the following years mate fidelity 
(1983-1984 data) 
No eggs 
hatched 
Pair state (1983-19841 
Remained Took new 
faithful mate 
20 14 
Previous 
years At least one nesting 
success egg hatched 40 
x2(1) = 6.82, p. 0.01 
6 
Therefore, nest success in one year does have an effect on the 
followin years mate fidelity. 
Pairs which were unsuccessful were more likely to split up 
and take a new mate the following year. 
This result uses SCo of the birds caught in both 1983 an: i 1964. 
A further 20 of birds caught consecutively in 1983 and 1984 were of 
unknown pair state in one of the years. 
A follow up analysis was carried out on the 1984-1985 data to 
determine if the very good breeding success in 1984 was carried 
through to increased mate fidelity in 1985. 
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Table 1.30 A chi-square analysis to determine the 
effect of nesting success in one year 
on the following years mate fidelity 
(1984-1985 data). 
Pair state (1984-1985). 
Remained Took new 
faithful mate 
No eggs 
Previous hatched 03 
years 
nesting 
success At least one 
egg hatched 34 27 
x2-(1) = 3.6, n. s. 
Therefore, breeding success in 1984 showed no effect on mate - 
fidelity in 1985. from Tables 1.29 and 1.30 I conclude that breeding 
success in one year can have an effect on mate fidelity but that other 
factors may also be important. 
Fis chionina and hatching 
Prior to the hatching of the eggs, the eggs begin to 'chip' or 
'pip'. When this occurs, small dents and fractures begin to appear, 
normally in the upper half of the eggshell. At auch time the adults 
behaviour begins to modify in readiness for the change in roles. 
The adults begin to communicate with the hatching embryo, the level 
of communication increasing up to the hatch. Chipping periods are 
incredibly variable and may yet prove to be good predictors of a 
chick's survival potential. Weaker chicks may take longer to hatch 
and may therefore have less chance of survival (unfortunately this 
could not be studied because of the low recapture rate of chicks). 
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Table 1.31 The time taken for an egg to hatch 
from first signs of hatching. 
Chipping Observed frequency 
interval (hours) 1983 1984 1985 
30-40 - 2 - 
41-50 - - 1 
51-60 - - - 
61-70 7 5 19 
71-80 14 17 17 
81-90 6 18 15 
91-100 10 27 8 
101-110 5 9 1 
111-120 1 1 4 
121-130 - 2 - 
131-140 - 1 - 
141-150 1 - - 
Mean chipping 
period (Hrs) 85.7 88.5 81.0 
s. d. 16.3 16.2 14.3 
n 44 82 65 
The overall chipping period (1983-1985) is calculated as 
(85.3 hours, s. d. = 15.95, n= 191). 
Thus the mean chipping period from first egg chip to hatching is 
3.5 days* Chipping period was not examined to determine if laying 
order had an effect on hatching time. 
Nests were checked regularly to determine that incubation was still 
in progress, to record chipping periods, and to note the date of hatch. 
It was essential to monitor nests closely in order that hatch date 
could be predicted. This vas an iaportant part of the study as it was 
intended to ring as many young as was possible. Nests were therefore 
monitored closely, allowing several calculations of nest success to be 
made. 
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Hatch success 
This may be defined in 3 ways. 
A) The number of nests hatching at least one egg as a percentage of all 
nests found. 
B) The number of eggs hatching from the total laid as a percentage 
(requires clutches of known size). 
C) The percentage of eggs hatching from nests which hatched at least 
one egg (requires clutches of known size). 
Table 1.32 Kest hatching success (Category A). 
Year No. of nests 
hatched 
1983 78 
1984 166 
1985 106 
No. of nests % nests 
found hatched 
198 39.39 
197 84.26 
165 64.24 
Hatching success of nests varied from 39-84% The best year, 
1984, was 53w better than the poorest year, 1983. The reasons for 
differential nest hatching success are discussed at the end of this 
Chapter. 
Table 1.33 Egg hatching success (Category B). 
Year No. of nests No, of eggs No. of eggs % eggs 
found* hatched* laid* hatched 
1983 190 218 722 30.19 
1984 186 532 716 74.30 
1985 157 376 597 62.98 
* all clutches of known size. 
In those clutches of known size, the percentage of eggs hatching 
ranged from 30.74% over the three study years. The best year was 59% 
better than the poorest year of egg hatching, which again vas 1983. 
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Table 1.34 Hatching success in successful nests (Category C). 
Year No. of nests Fggs laid in No. of eggs % eggs 
hatching* these nests hatched hatched 
1983 78 310 218 70.32 
1984 155 618 532 86.08 
1985 102 402 376 93.53 
* known clutch size 
In those nests hatching at least one egg there was a difference in . 
success of 25% between the poorest year (1983) and the best year, 1985. 
In 1983 an average of 2.8 eggs per successful nest hatched from a clutch 
of 4 eggs. In 1985 an average of 3.74 eggs hatched for every 4 laid 
in a successful nest. At individual nest level, hatch success ranged 
from 0/4 to 5/5. 
Analysis indicate that hatching success should be clearly 
defined (see Discussion). 
The egg/nest hatching figures may be converted to chicks per 
pair and chicks per adult. These give an estimate of maximum potential 
productivity. Subsequent loss of chicks must therefore reduce 
productivity per pair/individual. 
Table 1.35 An estimate of chick productivity 
at egg hatching level. 
Year No. of nests of No. of chicks Mean no. of Mean no. of 
known clutch hatched chicks air chicks adult 
1983 190 218 1.15 0.575 
1984 186 532 2.86 1.43 
1985 157 376 2.39 1.20 
These results are discussed later in this Chapter. Sources of nest 
loss are given in Appendix 3. 
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A further 30 nests were found in the three field seasons in the 
Old Hollow meadows and in the enclosure on the seaward side of the 
sea wall. In these, neat hatching success (Category A) ranged from 
28.5-45.5%. The majority of nests lost were crushed by cattle. 
Category C hatch success (% hatched from successful nests) ranged from 
80. -87.5%. These figures are in line with those obtained for earah 
nests. 
Further nests were found off the plot, but were not subject to 
detailed data recording and checking. In these nests, the main 
priority was to capture the parent as part of the breeding site 
fidelity, natal philopatry study (discussed in Chapter 3). 
Observations suggested that an eggs hatch order may be related 
to its order of laying. A simple chi-square analysis was carried out 
to test this idea. 
EQg hatch order in relation to laying order 
Table 1.36 The relationship between egg laying and 
hatch order (Raw data, all years). 
Order of egg hatch 
1 2 3 4 
Egg 1 8 2 2 7 
laying 2 3 4 1 5 
order - 
3 2 4 10 5 
4 3 0 3 34 
n=93 
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Table 1.37 A chi-square analysis to examine the 
relationship between egg laying order 
and order of hatch (All years). 
a) b) 
ß1 Egg 2 
Observed Expected 
frequency frequency 
Hatch 184.75 
order 224.75 
324.75 
474.75 
X2(3) 6.46, n. s. 
C) d) 
Egg3 Egg4 
Observed Expected 
frequency frequency 
Hatch 126.25 
order 246.25 
3 10 6.25 
456.25 
X2(3) 6.20, n. s. 
Observed Expected 
frequency frequency 
3 3,25 
4 3.25 
1 3.25 
5 3.25 
X2(3) 2.69, n. e. 
Observed Expected 
frequency frequency 
3 10 
0 10 
3 10 
34 10 
X2(3) 77.4, P40.001 
Analysis of the first, second and third egg hatch orders indicated 
that no relationship existed between laying order and order of hatch. 
Thus only the fourth egg hatches non randomly. This was the expected 
result (full details are given in Discussion). 
Where an individual chick was known to have hatched from an egg 
of known laying order it was possible to relate chick size (weight, 
bill size and tarsus length) to egg size (length, breadth and estimated 
volume). This was done during the three seasons field work and the 
data pooled. 
Egg chick correlates. 
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Table 1.38 The relationship between egg length, breadth 
and volume with chick weight, tarsus and bill 
length. All chicks known to have hatched from 
specific eggs (Pearson's correlation coefficients (r)). 
gg variables 
Chick Egg length Breadth Volume (n 
variables 
Weight 0.593*** 0.611*** 0.729*** 142 
Tarsus 0.311*** 0.363*** 0.407*** 138 
Bill to feathers 0.330*** 0.313*** 0.385*** 138 
Bill to rear nares 0.252** 0.270** 0.316*** 129 
Bill to front nares 0.335** 0.171n"s" 0.289** 79 
Egg length, breadth and volume correlates significantly with 
chick weight, tarsus and bill length. Therefore large chicks hatch 
from large eggs and smaller eggs produce smaller chicks. In the case of 
egG volume anü chick size, the correlation coefficients are p&rticularly 
high. It would therefore appear that egg volume is the best predictor of 
a chick's potential size at hatching. 
The correlation analysis examining' chick size in relation to egg 
size gave a good indication of the strength and direction of any 
relationship which existed. This analysis was followed up by carrying 
out a series of step-wise multiple regression analysis (Hie et al 1975). 
The dependent variables were chick weight, tarsus, bill tip to 
feathers, rear and front nares measurements. Independent variables 
were egg length, breadth and calculated volume. The aim of an analysis 
of this kind is to determine which of the independent variables or 
combination of independent variables best predict for the dependant 
variables. 
In Table 1.39 an analysis was carried out to determine which 
measured egg variables best predicted chick weight. In other vorde 
if an egg is of known length, breadth and volume, which of these is 
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the best predictor for the weight of the chick hatching from the egg. 
In all the multiple regression analysis,: ebolt, wart firstly checked to 
determine for normality of distribution. When satisfied the analysis 
was run. 
The results are displayed as a series of Beta and F- values. 
For the benefit of the reader, F- values are printed with associated 
significance values. F -values printed as non-significant (n. s. ) 
indicate that Beta values for the appropriate independent variable 
were non significant. These Beta values are not included in the Table 
of results. Significant levels for F- ratios associated with 
Beta values are :*p40.05, ** p 4-0.01, *** p40.001. The degrees 
of freedom indicate the number of independent and dependent variable 
comparisons which have been made. 
Finally, the cumulative variance figure is an estimate of the 
amount of variation which is explained 
by one or more independent 
variables. For further details see Nie et 1975. 
Table 1.39 Beta values and F- ratios for the 
relationship between chick weight 
and egg biometrics (all years). 
Dependent Independent 
variable variables 
Egg length Breadth Volume 
Chick Beta 0.228 0.596 
weight F 4.84* n. s. 33.1*** 
Significance values associated with P- ratios (d. f. - 2,74). 
S total of 77% of the cumulative variance was explained. 
Chick weight may be predicted fron the following formula. 
Chick weight - 0.667. Egg volume + 1.961 Egg length - 6.983. 
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Table 1.40 Beta values and F- ratios for the 
relationship between chick tarsus 
and egg biometrics (all years). 
Dependent Independent 
variable variables 
Sgg length Breadth Volume 
Chick Beta --0.398 
tarsus F n. a. n. S. 14.1*** 
Significance values association with P- ratios (d. f. = 1,75). 
A total of 45% of the cumulative variance was explained. 
Table 1.41 Beta values and F- ratios for the 
relationship between chick bill to 
feathers and egg biometrics (all years). 
Depend. ent Independent 
variable variables 
Egg length Breadth Volume 
Chick bill Beta 0.408 
to feathers p 14.9*** n. s. n. s. 
Significance values associated with F- ratios (d. f. = 1,75). 
A total of 45% of the cumulative variance was explained. 
Table 1.42 Beta values and F- ratios for the 
relationship between chick bill to 
rear nares and egg biosetrics (all years), 
Dependent Independent 
variable variables 
Egg length Breadth Voluse 
Chick bill Beta --0.306 
to rear 
narea no a, none 7.73*e 
Significance values associated with IP - ratios (d. f. - 1,75). 
A total of 34% of the cumulative variance was explained. 
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Table 1.43 Beta values and F- ratios for the 
relationship between chick bill to 
front nares and egg biometrics (all years). 
Dependent Independent 
variable variables 
Fgg length Breadth Volume 
Chick bill Beta 0.335 -- 
to front F 9.5** n. s, n. s. nares 
Significance values associated with P- ratios (d. f. = 1,75). 
A total of 36% of the cumulative variance was explained. 
The results exhibited in Tables 1.39 - 1.43 indicate the strength 
and inter-relationship between independent variables and a dependent 
variable. 
Egg volume and egg length are the best predictor of chick weight. 
Thus by measuring an egg's length, breadth and volume, the weight of 
a chick (hatched from measured egg) can be predicted. In this case, 
77% of the cumulative variance in chick weight is explained by egg 
length and volume. Other sources of variation could be the time of 
chick weighing and the accuracy of the egg volume estimate. Thus, 
the longest and largest eggs (volume) produce the heaviest chicks. 
The best predictor of tarsus length and bill tip to rear nacres 
length is egg volume. In this case, 45% and 34% of the cumulative 
variance is explained. 
? i. nally, a measurement of egg length is the best predictor of 
bill tip to feathers and bill tip to front nares measurement. 
If, for example, chick weight was related to potential survival, 
then clearly this would be a very useful analysis in that the inference 
would be that large eggs produce large chicks which have an increased 
chance of survival. Unfortunately, chick weight ban so far not been 
found to be related to chick survival. 
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Chick measurements 
A total of 1001 chicks were ringed in the nest. Many of these 
were measured fully. However, as analysis of all chick measurements 
would be very time consuming, I have concentrated analysis on those 
chicks which hatched and were of known hatch order. 
Table 1.44 The mean weight, tarsus and bill measurements 
of chicks of known hatch order. 
Chick variable mean s. d. 
Weight (g) 15.61 1.32 169 
Tarsus (mm) 28.08 1.38 169 
Bill to 
feathers (an) 12.58 0.61 171 
Bill to 
rear nares (am) 11.09 0.58 145 
Bill to 
front nares (mm) 9.80 0.73 114 
Chicks of known order of hatching were weighed and measured. 
The relationship between chick weight, tarsus and bill length was 
examined to determine if a heavy chick also had a long tarsuSand bill. 
This is particularly important where a biologist decides that only one 
measurement shall be taken. 
Table 1.45 gives the results of the Pearsonle correlation 
analysis examining the relationship between the different chick 
variables measured. 
Table 1.45 A correlation analysis to examine then 
relationship between chick weight, tarsus 
and bill measurements with each other. 
(Pearson's correlatbn coefficients (r)). 
Chick variable weight TB , 
/f B rn B to 
weight 164 166 143 112 
Tarsus (T) 0.419*** 169 145 114 
Bill to 
fe thers(B/f) 0.337*** O. 341*** 145 114 
Bi11 to 
rear nares(B/rn) 0.297'** 0.260** 0.774*** 114 
Mil to 
front nares (B/fn) 0.315*** 0.248** 0.659*** 0.868*** 
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The results in Table 1.45 are almost all highly significant. 
Over the years there has been some debate as to which bill measurement 
should be taken. These results, and later results on chick growth, 
clearly demonstrate that the three bill measurements are all highly 
correlated. Thus, for scientific purposes, it may suffice simply to 
use the bill tip to front pares measurement as recommended by the 
B. T. O. for measuring adults (see Chapter !+ for further discussion). 
The relationship between egg laying order and egg size and egg 
laying order and egg hatch order suggested that a relationship may 
exist between chick size and order of hatch. This idea vas tested by 
relating chick measurements to order of hatch in a correlation 
analysis. The effect of hatch date on chick size vas also examined. 
Chick size in relation to hatch order 
Table 1.46 An examinstion of the relationshi 
between chick measurements, hatch 
order and date of hatch. 
(Pearson's correlation coefficients (r)). 
1984 data. 
Chick variable Chick Chick 
Hatch order 
Weight n. s. 
Tarsus -0.321*** 
Bill to feathers -0.220** 
Bill to rear nares -0.267** 
Bill to front nares -0.181* 
These results highlight some important points. 
Date of hatch 
-0.203** 
n. B. 
-0.194** 
-0.305*** 
-0.359*** 
(a) As the order of hatch increases, the size of chick produced 
decreases. Thus, the last chick to hatch is generally the smallest 
(bat see chick weight versus order of hatch); 
(b) /eats hatching later in the season produce smaller chicks (note 
tarsus correlation). ? these data have to be tied in with: egg size in 
relation to laying date (Chapter 2); egg size in relation to laying 
(n) 
169 
169 
171 
145 
314 
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order and egg hatch order in relation to laying order. 
In 1983 . &1985, the loss of nests due to flooding prevented this 
analysis from being undertaken. In these years birds which nested early 
were forced to re-lay later in the season as a result of nest loss due 
to flooding. This greatly affected other analysis concerning age versus 
lprying date and egg size versus laying date (For full discussion see 
end of this Chapter and Chapter 2). 
In order to ring as many chicks as possible, nest sometimes had 
ýýtan 
to be visited more than once as the hatch wasAasynchronous. This 
allowed some data to be gathered ca the length of time chicks remained 
in the nest. 
Table 1.47 The length of time chick (s) remained 
in nest after hatching. 
Time a single chick Frequency observed 
spent in nest (hrs) 1983 1984 1985 1983-1985 
0-04.00 - 6 3 9 
04,01-08.00 13 23 15 51 
08.01-12.00 2 6 - 8 
12.01-16.00 - 3 2 5 
16.01-20.00 2 12 7 21 
20.01-24.00 5 3 - 8 24.01-28.00 - - 2 2 
Mean stay in nest, 10.95 10.20 10.25 10.21 
s. d. 7.03 5.90 6.76 6.35 
(n) 22 53 29 104 
She results in Table 1.47 demonstrate a bimodal frequency. 
Peak 1 indicates that 57.7Zof chicks have remained in the nest for no 
more than 8 hours. In contrast, 29.8% of chicks stayed in the nest for 
a period greater than 16 hours. For exceptions and possible interpretation 
e discussion at the and of this tbapter, 
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Brood attendance 
A large amount of the data gathered in this section Gore subjective 
and may be open to misinterpretation. Without individually marked 
birds or known birds (some could be identified by voice, behaviour 
and plumage), it was not always possible to determine if a brood was 
attended on successive days by the same parent. 
At 84% of nests visited at the time of hatch, two adults were 
present; in the remaining 16% only one adult appeared to be present. 
This may be due to the fact that one partner was away feeding. 
However, under normal circumstances, a second bird would normally 
appear within a short time in response to the alarm calls of its mate. 
Once the chicks have left the nest they are more difficult to 
locate. Additionally, unless one adult is marked in some way, it is 
impossible to know its sex as it stands guard over the brood. 
Broods out of the nest were subject to many hours observation. 
If the chicks were caught they could be aged, by counting to the 
original date of ringing in nest or, when unringed, by calculation 
using a regression formula constructed from chicks of known age for 
various measurements. 
If the number of adults could be accurately determined, then 
this was related to the brood age. During the 3-years of study we have 
never found a brood splitting up. In 1983 a brood was found which 
appeared to consist of chicks of three separate ages. These were 
being guarded by two adults. For further details see Discussion. 
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Table 1.48 Brood care in Redshank. The number 
of broods of known age being 
guarded by two adults. 
Brood age (days) 
1-5 
6-10 
11-15 
16-20 
21-25 
26-30 
Frequency observed 
u 
7 
4 
7 
6 
1 
Table 1.49 The number of broods of known age 
being guarded by a single adult. 
Brood age (days) 
1-5 
6-10 
11-15 
16-20 
21-25 
26-30 
Frequency observed 
7 
8 
3 
9 
21 
4 
Tables 1.48 and 1.49 demonstrate several points. 
(a) Young chicks are normally tended by two adults but on occass, on 
young chicks may be found to have only a single adult in attendance. 
(b) Once the brood has reached 20 days then the tendency is that only 
one bird will be responsible for guarding duties. 
In the broods aged more than 26 days there is a slightly lower 
figure than expected. This can best be explained by the fact that 
fledging takes place at g 27 days. 
Once the brood)isa fledged, it is very difficult to ascertain if 
it is still being guarded by parent (s). On two occasions fledged 
chicks were being guarded by one and two adults. 
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By this stage in the breeding cycle, the bond between parent and 
offspring is very much weakened. In the most extreme situation 
parents actually desert their chicks for lengthy periods of time. 
Even when the chicks are relatively small (10-15 days)., adults will 
disappear into neighbouring ditches for short periods of time, 
presumably to feed. 
F1eddine oeriod 
This is designated here as the length of time between hatching 
and first rudimentary flight. Few exact periods have been determined. 
Known fledeinw Deriods t'%c% öovýbý, 
*F+ le F/c 
c 25,26.5 28,28,28, c28 
*= could flutter/fly 
F= : filly fledged 
+= flew when released 
F/c = fledged chick captured 
Both chicks known to have flown on 28th day could do so well; one was 
seen to fly 70 metres before running to hide. 
These are positive results. On the negative side, we have been 
able to prove that birds could not fly at a given age. 
Age at which young Redshank 
a'&_ 
. not 
fly (in 
24,24,24,24.? 5,25,25.25,25.25,25.25, c 26,27, £ 28 
From the above results it can be concluded that fledging period 
varies between individuals. Interestingly, two of the fledging periods 
of 28 days were siblings. 
In contrast to the known periods, the second set of results 
clearly indicate that chicks of 24-25 days of age are not capable 
of flight. The chick estimated at 28 days of age had the longest wing 
and greatest degree of feather development of all chicks caught. It 
could be that this chick had not been forced to try to fly. Presumably 
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first flight is stimulated in some manner (see Discussion). 
Ftedeine success 
This is most difficult to calculate as there are several 
problems involved: 
(a) When searching for chicks it is difficult to know if al 1 chicks 
in a brood have been found. An obvious aid is knowing how many chicks 
have left a given nest. Once the brood has been identified then the 
original number of chicks present is known. 
(b) To calculate an overall fledging success one must know how many 
broods survive to fledging and what percentage of chicks within these 
broods actually fledge. The main problem is that broods can move, 
fledge, or all die off. It is sometimes impossible to know what has 
happened unless a brood has been followed closely. 
Table 1.50 An estimation of fledging success 
from broods which were followed closely. 
Total 
No. fledged 121111111111121 17 
No. in brood 443334434344244 53 
(left nest) 
Thus, a total of 17 chicks fledged from 53 chicks ringed in the 
nest. 
In the above Table fledging success (minimum) is estimated at 
32.1%. In the above broods the fledging success would have been 
greater if some chicks fledged but were not seen/caught. The overall 
fledging success is, I think, much lower as many broods simply died 
and disappeared within the first few days of their 
life. 
A second calculation may be made using all those Redshank which 
have fledged and returned to breed in their first year. In this 
case 13 chicks have returned to breed from a total of 43 chicks ringed 
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in the nest (30.2%). This figure compares favourably with the 
field estimate of 32%. But this is the end result of a pre-fledging 
and post-fledging period of mortality. If 13 chicks have returned, 
at least 13 chicks must have fledged. If overwinter mortality 
(1st winter) is 55% (Cramp & Simmons 1983), then clearly a large 
number of fledgings must have existed to result in the final figure 
of 13 returned to breed (all years). 
.Qx total 
fledged = total survived to breed in lot year (13) 
100 
Total fledged =}= 28.8 fledglings. 
0.45 
Thus, 28.8 Redshank must have fledged from a total of 43 chicks ringed 
in nests of known clutch size (70% or 2.814 fledged chicks per pair). 
If one considers that more than 13 may have survived, but were 
either not on the study area or were not caught, then clearly the 
estimated number fledging would be even greater. 
An analysis based on exactly the same principle has been carried 
out in the data gathered over the period of tris study (1983-1986). 
Table 1.51 Estimated fledging success of Redshank 
assuming that only 45% of those birds 
fledged actually survive to 1 year old. 
Ringed: 1983 1984 1985 
Returned: 1984 1985 1986 
No. returned 
as let years 431 
No. in brood 
fledged from. 13 13. 4 (nest of known 
clutch size). 
Estimated total 
fl! AA 8.8 6.6 2.2 
Estimated fledging 
success 67.7 60 55 
lote: * assuring a 45% let winter survival (Cramp & Siamtons 1983) 
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Here, estimated fledging success ranges from 55-6. In at 
least two cases extra birds from the above broods are known to have 
returned to breed in their second year. It seems highly likely that 
others have gone uncaught whilst others have returned to breed off the 
study area. 
This is a theoretical estimate of fledging success based on the 
number of chicks which are known to have fledged and an estimated 
overwintering lot year mortality of 556 (Cramp & Simmons 1983). If 
this mortality figure is an overestimate then so will be the estimate 
of fledging success. 
In three years of study no more than two broods were ever thought 
to have fledged more than 1 chick. On one occasion, in 1985, a brood 
was located off the plot from which three weakly flying chicks flew. 
However, there was no way of knowing if these were all part of one brood. 
Generally, in broods of known origin, no pair ever fledged more 
than two chicks and the majority fledged only one. Many broods of 
unknown origin and therefore unknown initial brood size, were followed 
in some detail. In 29 cases only one chick was found, even though 
brood ditches were searched extensively, even after first capture. In 
many of these cases the same chick was subsequently re-captured more 
than once, which suggests that it was the only one present. In one 
such brood a single chick was captured eleven times. Initially broods 
of 2 and 3 chicks are frequently encountered, but in older broods one 
chick is most common. 
These figures suggest (quite strongly) that fledging success is 
probably very low. However, these figures are all for broods fledging 
at least one chick. When unsuccessful broods are accounted for the 
overall fling success clearly may be markedly lover. For further 
details on fledging success and pre-fledging survival see Chapter 5. 
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No quantitative data were gathered on feeding and brood 
movements. The quality of different feeding areas could only 
be determined by large scale invertebrate sampling. The few data 
gathered on brood movements are integrated into the Discussion as 
these are too few and rather anecdotal to warrant inclusion here. 
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DISCUSSION 
In Chapter 1, arrival, courtship and nesting preliminaries 
are discussed in a very short apace. No single 3-year study could 
possibly concentrate on all topics of breeding biology because the 
demands would be too great. The main body of this research involved 
studying the breeding biology of Redshank from egg laying to chick 
fledging. 
For good reviews of Redshank wintering, distribution and taxonomy 
see Hale (1971,1973). For a full account of Redshank courtship see 
Ashcroft (1978) and Hale & Ashcroft (1982,1983). Feeding behaviour 
(mainly on wintering grounds) has been studied by Goss-Custard 
(1969,1976,1977,1978/1979). A detailed description of food items 
taken by Redshank may be found in Mutz (1977) and in /ramp & Simmons 
(1983). 
This discussion concentrates on those aspects of Chapter 1 
demanding elaboration and clarification. 
Laying season 
The laying season of Redshank on Banks harsh is protracted well 
beyond the length of season found in inland breeders. In meadowland 
neighbouring the study area eggs could only be found between late April 
and early June. On the study area eggs were found veil into July. 
In individual areas within the study area laying is apparently 
synchronous, with small groups all laying at the same time. Presumably 
social stimulation, and local variation in vegetation cover and soil 
saturation is involved here. These two factors vary locally. The 
length of the grass varies in accordance with the regularity of tidal 
inundation. The higher areas (channel edges) are flooded less regularly 
and, as a consequence, grasses begin to grow here first. In addition 
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there are different levels of winter grazing by wildfowl in different 
areas of the green marsh. Thus, at the start of the season, 
vegetation (nest cover) is more advanced in some areas than others. 
In a similar context environmental temperature may also be important. 
For the effect of rainfall on laying date see Yates (unpubl. 1982). 
Within any one season there is a relationship between timing of 
spring tides and timing of laying. It also appears that a relationship 
may exist between winter/sp&ag body condition and timing of laying. 
In this case temperature would be the most important factor. At low 
air temperatures Redshank food is less available (Goas-Custard 1969) and 
subsequently they feed less efficiently. Under such circumstances 
(notably extreme winters such as 1984-85) mortality may be increased 
and many birds may arrive back on the breeding grounds late. Low 
environmental temperatures would also slow up the rate of vegetation 
growth. Thus, after a cold spring birds may arrive back late and find 
the breeding grounds in poor condition. This may be an explanation 
for the slow start to the 1985 breeding season. 
The results also indicate that older more experienced birds tend 
to nest earlier than the less experienced 'unrings'. Although there 
are obvious exceptions and confusion effects (see P 29)o age does 
partly determine timing of laying. For the effects of climate on 
laying dates see Yates (unpubl. thesis 1982). A similar age effect 
on laying has been found in this and other species by Gratto et 
(1983), Grosskopf (1959,1963), Oring and Lank (1982), Soikkeli (1967), 
Thompson et i (1986), Tuck(1972); but also see Parr (1980). In 
studies of Eittiveke and Arctic Tern, Coulson (1966) and Coulson & 
Horobin (1976) found similar trends. The confusion effect mentioned 
earlier arises when the saltsarsh is extensively flooded and many 
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clutches lost. Resulting re-lays are laid at a time when many birds 
are laying their first clutches (see Laying seasons, 1983 and 1985). 
Initially it was felt that the second peak in laying activity was 
entirely due to replacements, with birds moving in from other areas. 
Data for 1984 indicate that a second wave of laying occurs, as usual, 
despite the lack of tidal flooding all over. 
Many other factors determine timing of laying. for special reviews 
see Green, Greenwood & Lloyd (1977), Miller (1983a), Perrins (1970), 
Pienkowski (1984 b), and paisanen (1977). Some Redshank are 
physiologically capable of breeding at under 1 year. Redshank fledging 
in late July probably are not capable of breeding until later in the 
following season. Therefore, in any one season, some first years 
breed early, whilst others (majority) breed later. Some Redshank do 
not begin to breed until their second or third yaar, although they may 
be present on the breeding grounds. In these cases genetic factors 
may be involved; but see Parr 
(1979,1980) for the limiting of 
nesting by lack of suitable breeding areas. 
The laying times, though apparently exhibiting a normal 
distribution curve, are in fact an artefact of the normal field day. 
Had intense observation been carried out throughout the night and early 
morning, then almost certainly frequency of laying times would have been 
more even. 
Laying intervals appear to be similar to those found by 
Grosskopf (19584 ). However, the longer intervals which were not 
recorded by Grosskopf (195&. x1963) are of particular interest. The 
longer intervals were produced by very old (10-12 years) and young 
(1 year) birds suggesting that these birds were in some way stressed. 
Unfortunately, no effort was made to relate an individual's egg quality 
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and body contition to feeding quality/efficiency and arrival times. 
The shorter laying intervals indicate that in some birds, at least, 
egg laying does not present much of a problem. 
Clutch 
The mean clutch sizes recorded between 1983-85 are smaller than 
those recorded by Grosskopf (1958q)and Cramp & Simmons (1983). This 
difference is almost certainly because I have included unincubated 
clutches of 1 and 2 eggs. The small (unincubated) clutches may 
represent efforts of young birds nesting for the first time. Such 
clutches were apparently not found by Gvaeskopf (19584,1963). The 
nest finding effort in this study was exhaustive and consequently many 
nests were found at the laying stage. In these cases, clutch size was 
recorded before eggs began to disappear as a result of breakage and 
and predation. In Grosskopf's study, searching may have been less 
intensive, resulting in fewer single egg clutches being found. 
Several clutches received extra eggs after incubation had begun 
(up to 11 days after). These were apparently laid by 'foreign' females 
and as a result of laying time these eggs did not hatch. In other nests 
different looking eggs (both pattern and shape) appeared at the laying 
stage. However, as these clutches were never of more than four eggs 
it is difficult to say whether these were 'freaks' or indeed were laid 
by another female. 
Tables 1.5 and 1.6 describe the egg data gathered over the three 
years. The data from Table 1.5 suggested that real differences may 
exist in egg size in relation to laying order. This prompted the 
follow-up analysis of variance and t-tests. The maximum minimum 
date (Table 1.6) outline the range of measurements that were 
encountered. In terms of length, longer and shorter eggs than 
previously recorded were encountered 
(see Cramp & Simmons 1983; Glutz 1977). 
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A similar trait was experienced with egg breadth. 
The data portraying egg size versus laying order deserve special 
attention. Firstly, the data sets from 1983 and 1985 were excluded 
because of the pattern of laying and re-laying. It was felt that the 
nest laying distribution in 1984 was undisturbed by tidal rhythm and 
inclement spring weather, thus this data set was selected. 
Primarily, an analysis of variance test indicated that variation 
was greater between eggs of different laying orders than within all 
eggs of any one order. Further comparative statistics were thus 
justified. 
The results obtained clearly indicate that the breadth and 
subsequent volume of the first, second and third eggs are significantly 
larger than the fourth egg. Thus, fourth eggs tend to be narrower and 
consequently of less volume. For a review of egg size within a clutch 
see Miller (1979Q. ). 
The 'within year' and 'between year' analysis of clutch biometrics 
are of particular interest. In second clutches, laid by known females, 
there was no difference between mean egg lengths, breadths and volumes 
with the first clutch (as Vaisanen et al 11172). A similar result was 
also found when clutches of known females were compared between years. 
Thus Redshank lay eggs of a similar shape and size both between and 
within years. The egg colouration and patterning also remain 
consistent from one clutch to the next. On several occasions females 
were identified before trapping by egg recognition. Trapping these 
individuals then confirmed female identity. For more data on female 
egg patterning and shape between years see ltethereole-Thompson (1951), 
Ratcliffe (1980), and Baerends l (1970). 
Concerning egg sises laid by a female in consecutive years, the 
result is perhaps rather surprising since an age effect on egg size 
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has been discovered: see (Chapter 2) and Anderson (1951); Coulson 
(1963), Coulson & Horobin (1976), Gratto et al (1983), Kendeigh (1975), 
Preston (1958), Thomas (1983) and Vaisanen et (197Q) on other species. 
A review of the data set revealed that the vast majority of females 
involved had previously bred. Any change in egg size probo, Myoccurs 
over the first 1-2 years and thereafter egg size remains constant. As 
a consequence, changes in egg measurements would be overshadowed by the 
general constancy of the majority of clutches. As a consequence, no 
change in clutch measurements were detected between and within years 
for known females. 
Incubation certainly began on some occasions prior to clutch 
completion. However this is difficult to quantify as eggs may be 
covered without being properly brooded (Nethersole-Thompson & Nethersole- 
Thcrpson i 7; ). In those cases where incubation does begin, it is 
beneficial that the last (fourth) egg is the smallest. This may be true 
for several reasons: 
(a) the smallest egg should hatch quickest; 
(b) a small egg represents a smaller investment loss should it be 
deserted due to delayed hatching. 
The latter has been observed on several occasions (but see Killer 1979Q 
for a brief review). 
The range of variation in incubation period vas primarily due to 
the degree of disturbance a particular nest experienced. This 
disturbance varied with position of nest and catchability of birds, 
but also with environmental conditions, number of birds incubating, 
and possibly adult experience. Several areas were heavily disturbed. 
As the Redshank is a 'light sitter' it follows that incubation would be 
less efficient in a disturbed area. Under auch conditions the air 
temperature would then become more important as unincubated eggs are 
84 
then exposed to environmental conditions. 
At the species level, birds which incubate alone, as opposed to 
those sharing incubation, experience a longer incubation period than 
expected (see Norton 1972). It therefore follows that a broken 
partnership (only one incubator) would be expected to hatch eggs after 
a longer period than average. In fact this was recorded with single 
adults incubating and hatching eggs after incubation periods of up to 
31 days. 
Most Redshank are prolific egg layers, laying repeat clutches 
readily. On at least one occasion a female was suspected of laying 
3 clutches in one season. Birds which arrive late and begin nesting 
late may be less likely to re-lay. However, this needs testing 
experimentally. In 1983-85,36 re-lays were found which had mainly 
arisen as the result of nest loss due to flooding. In 1984, a year of 
no flooding, more re-lays were found. The majority of re-lays (81%) 
were produced by birds which had hatched eggs but presumably lost 
chicks soon after leaving the nest. For similar findings see Zhmud 
(1983). 
The speed at which the re-lay is produced and that fact that the 
second clutch is not smaller in size or total volume, supports the ideas 
of Oring et al (1983) and Lank et al (1985) that laying in some waders 
is nöt over stressful. 
One particularly interesting point is that a bird deserting its 
sate can form a new partnership and produce a second clutch almost as 
quickly as an established and faithful pair. In the case of Redshank 
taidng a new sate it is possible that there is a pool of available birds 
waiting to pair up. If a female is in breeding condition she is 
presumably more receptive to the advances of another sale. Secondly, 
resources may be sore available later in the season, allowing a female 
to reach breeding condition such quicker than earlier in the season. 
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Trapping and ageing 
The trapping success (percentage caught from traps set) fell 
from 66% in 1983 to 51% in 1985. Generally the difference between 
1985 and the other two seasons was that the Redshank showed a strong 
reluctance to enter the traps. As a consequence, traps were set for 
even longer, yet still the trapping success remained very low. One 
possible explanation is that the birds were stressed in some way as a 
result of conditions experienced over the winter period and as a result 
of this stress many birds were in poor condition, resulting in a 
weakened brooding drive. As shall be seen, the number of 'unrings' 
captured in 1985 was well down on the 1983 and 1984 totals. This may 
be interpreted in terms of an increase in overwinter mortality of 
younger inexperienced birds. For further details see Cramp & Simmons 
(1983) for differential survival over the winter period of older and 
first year birds; and Davidson &Clark (1985) for the effect of the 
1984-1985 winter on wintering Redshank. 
Another explanation for lowered trap success could be that young 
birds are easier to catch than old birds. Fewer young birds were 
caught in 1985, presumably because fewer survived the overwinter period. 
As a consequence, there were fewer birds in the study area which could 
be considered as easy to catch. Thus it appeared that the birds were 
more difficult to catch than normal. The catchability of young and old 
birds requires further research. 
The ageing technique first discovered by Hale and published in 
the B. T. O. Mader Guide (Prater, Marchant and Vuorinen 1977) is supported 
and endorsed. I would add that first year birds normally have a dull 
coloured base to the bill and dull coloured legs. At this stage it 
could be said that consistency demands that when assessing colours some 
kind of standard procedure should be adopted. The amount of feather 
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abrasion is also a useful ageing technique but, in the latter half of 
of the season, many birds of all ages have fairly heavily abraded 
primaries. Until a known young Redshank is caught, that has not 
retained at least one juvenile inner f edian covert, then this should 
remain as the major ageing criterion. 
In 1983-85 many Redshank chicks were ringed. A small percentage 
of those returned each year, along with a larger number of unringed 
first year birds. The data are best from 1984-1985 as only a small 
number of chicks were ringed in 1983. Approximately 14% of young birds 
nesting on the study area had been ringed as chicks. The remaining 
86% were unringed birds. ünringed first years may have hatched on the 
study area and not been ringed. I would suggest, however, that at 
least some of these unringed first years must have come from other 
areas of the Ribble Marsh 
(see Chapter 3 for further discussion). 
On average, a male Redshank is smaller than a female and a young 
Redshank smaller than an older bird (see Chapter 2). For further 
retails on Redshank measurements see Yates (Unpub. thesis 1982). 
Mate choice in birds has, over the last few years, become a topic 
of some considerable interest; see Bateson (1983) and Coulson & Thomas 
(1983). Why do individual Redshank select p-rticular mates? Do 
Redshank make an assessment of a possible partner's attributes such as 
size, voice, breeding plumage, or do they randomly select a mate from 
a pool of available birds? In a large population the problems of 
management and handling the data set can be quite overwhelming and I 
would therefore suggest that a study of a small population would be 
more likely to indicate possible answers to problems of mate choice. 
This study has shown (a) no mate selection taking: place on the 
basis of summer plumage; and (b) a hint of selection taking place on 
the basis of size (weight). The relationship which was discovered,, 
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albeit a tenuous one, could wise as a result of mating times. 
In other words, birds mate in early season, mid-season and late season. 
If there was a relationship between female/male weight and timing of 
laying (see Chapter 2), then this relationship could arise without 
active selection having anything to do with it. I would therefore 
state that so far active mate selection does not seem to be size or 
plumage related. Active mate selection may be more likely to take 
place on the basis of behavioural attributes. These are not so readily 
quantified. There is, however, a relationship between male and 
female age, more of which is said in Chapter 2. Previous studies 
in Redshank (Grosskopf (1970), sates (unpub. thesis 1982), and on 
other waders, Soikkeli (1967), have also established such a 
relationship. In Kittiwake, Coulson (1966) discovered a strong 
relationship between male and female age. 
In Chapter 3 site tenacity is looked at in considerable detail; 
one of the major findings is that birds tend to return to their 
previous nesting ground. With this in mind, and the fact that many 
birds sate with birds of equal status in their first year (first time 
breeders), then the only requisite to maintain a strong relationship 
betvaen male and female ages is that Redshank are highly mate 
faithful, probably until one member fails to return or arrives back 
late. Although the data are not extensive, they support the idea of 
a partnership joining and remaining stable until something causes a 
break-up. The effect of the previous year's nest success does have 
an effect on mate fidelity in some years. This is perhaps not as 
important as the late and non-arrival back of former partners. 
The quantitative assessment of mate fidelity is based on those 
birds which were captured in consecutive years. Therefore, of 100 
birds caught in 1984, and also caught in 1983, a minimum of 
60% 
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remained faithful and 20% took new mates. Twenty birds in 1984 
and 37 birds in 1985 were of unknown pair status. The main problem 
in 1985 was the large drop in catching efficiency which resulted in 
a lower number of birds being caught. This apart, there is a possibility 
that the lowered mate fidelity in 1985 is due to the late or non arrival 
back of some of the birds after the very bard winter of 1984-5. 
As will be seen in Chapter 3, previous years nesting success has 
an effect on breeding site fidelity (see also Oring & Lank 1982; 
Oring, Lank &Maxson 1983), but perhaps more surprising is the result 
that nest success in one year has an effect on the following year's 
mate fidelity. Factors such as mate fidelity, breeding site fidelity, 
and breeding site tenacity are clearly inter-related. In those cases 
where divorce occurs, the main causes are probably death, late or 
early arrival back of one member of the pair, or movement away from 
previous nesting ground due to previous failure. 
Most waders studied h; -: ve been shown to exhibit a degree of mate 
fidelity; (Holland et al 1982; Holmes 19711o; Nethersole-Thompson & 
Nethersole-Thompson 1979; Parr 1980; Pienkowski 19844; Soikkeli 1970). 
In many of these studies other factors, such as time of arrival and 
previous years' nest success, were not studied. 
Nest hatching 
Prior to hatching the chicks are very noisy within the eggs; to 
the human ear they may be heard 'clicking' (Driver 1967) and also 
'peeping'. The chick calls apparently act to synchronise the hatch, 
thereby increasing the hatch potential of all chicks, 'thus assisting 
chick survival (Nethersole-Thompson 1973; Morton 1972; Vince 1966). 
A fuller account of the range and role of chick and adult calls is given 
in Appendix 4 and 5. 
The chipping periods (time from first signs of hatch to actual 
89 
hatch) were generally long, probably reflecting the degree of 
disturbance and environmental conditions. A similar range of 
chipping periods have been found in Greenshank (92.2 hours n= 19) by 
Nethersole-Thompson & Nethersole-Thompson 1979). In as far as is 
possible there is no evidence to suggest that chicks emerging after a 
long chipping period were weakened. However, some eggs which were 
very slow in hatching were deserted by brooding adults. This occurs 
less regularly in Greenshank (Nethersole-Thompson, ers co . 
The figures for nest and hatch success demonstrate the confusion 
that can arise when source of data and form of calculation are not 
clearly defined. 
The nest hatching success (Category A) fluctuates in accordance 
with the amount of tidal flooding which occurred. In 1983 and 1985 
there was much tidal flooding resulting in the loss of 36 and 1F,. - of 
nests found respectively. The lack of flooding in 1984 (only 3% of 
nests flooded) allowed for a much greater nest hatching success. The 
Category B, total egg hatch success, reflects exactly the same trend as 
Category A. A brief look at Category C hatch success is interesting. 
In 1985 a successful nest hatched on average more eggs than in either 
1983 or 1984. Once again the egg hatch success figures for 1983 were 
poorest. In conclusion, nests in 1983 were less likely to hatch and 
produced fewer chicks per nest when they did hatch than other years. 
A successful nest in 1985 produced on average more chicks than a 
successful nest in 1984. These results clearly demonstrate the effect 
of an environmental parameter (tidal invasion) on hatching success. 
One interesting point is the Category C comparison of egg hatch success 
in successful nests in 1984 and 1985. I would have expected hatch 
success to be as high in 1984 as in 1985. However, a simple 
explanation may be advanced here. In 1985 fewer first year and 
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'unrings' were captured (117 vs 60), whereas the balance of 
controls (160 vs 156) was much more even. If young and inexperienced 
birds are less efficient at incubation and hatching eggs, then clearly 
in 1984 you would expect this to be reflected by a lower hatch success. 
This idea and interpretation is supported further by data in Table 3.1 
which suggest inexperienced birds are indeed less efficient as 
incubators. 
When all nests of known clutch, and total number of chicks hatched 
from these nests are counted, then productivity per pair can be 
assessed (at egg hatch level). Once again 1983 was the least successful 
year with a mean of 1.15 chicks hatching from 190 nests of known clutch 
and outcome. In 1984,2.86 chicks hatched from 186 nests of known clutch 
and outcome. The difference is enormous and highlights quite clearly 
productivity differences at the egg hatchin, _ stege. 
Most wader research has made some attempt to quantify nest and 
egg hatching success. Not surprisingly, figures range widely from one 
year to another and from one locality to another. In Wangerooge, 
Grosskopf (1960) found that in 72 nests containing 286 eggs 86% hatched. 
In studies of Greenshan_c, Nethersole-Thompson & Nethersole-Thompson 
(1979) found an overall hatch success (category B) of 76.7% This 
figure varied annually from 47.8%-100%. In this study predation and 
environmental conditions were the most important causes of egg/nest 
mortality. The Nethersole-Thompson's study also had comparative 
Category C results, with 92.2 and 91% of eggs in successful nests 
hatching in two separate localities. Thus, when a nest hatches it 
usually hatches with high success. Other hatch success figures for 
sandpipers are sparse. 
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Egg' hatch order 
The data show that there is a relationship between order of laying 
and hatch order, particularly for the last egg. This would su.; gest that 
incubation frequently begins prior to clutch completion, as supported by 
field observations. Under such conditions the fact that the fourth egg 
is generally of small volume (see p 3S) is an advantage as it should 
hatch quicker. Additionally, as stated earlier, where this egg is 
abandoned, the loss is less than would be the case for a larger egg. 
On several occasions Redshanks have abandoned eggs with embryos still 
active and calling within; sometimes an individual parent will remain 
behind to continue incubation. On one occasion a single chick hatched 
from an egg 24 hours after the other three chicks had hatched. Eggs of 
other laying order have also been abandoned when they have fallen behind. 
For more information on egg hatch order see Miller U9790,1. 
The data on the relationship between egg size and chick size support 
the findings of many other studies. The multiple regression analysis 
indicate that egg volume is the best predictor of a chick's weight and 
tarsus measurement. In the case of chick weight, 77% of cumulative 
variance is explained in a regression equation of egg volume and length 
with chicks weight. Egg volume is therefore the best indicator of a 
chick's potential size and possibly survival (this study; Davis 1975; 
KLIIs & Byrkjedal 1984; Ricklefs 1984; Thompson gt al 1986; 
Vaisanen et al 1972). However, it is very difficult to relate chick 
size at hatching to fledging potential as broods are very difficult to 
follow. 
Several researchers, notably Galbraith (1996unpub. thesis) and 
dl's & Byrkjedal (1982) have preferred to use mean chick weight in 
relation to mean egg volume, because it is often difficult to know which 
egg a specific chick has hatched from. I have found that an equally 
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interesting relationship can be examined by relating chick size 
to hatch order (see Methods). The results indicate that chick 
tarsus and bill measurements. are negatively correlated with hatch 
order. Thus the last to hatch (often from the fourth egg) is often 
the smallest and perhaps potentially the weakest. This relationshi: 
is very real when one considers the variation in size and hatch order 
of eggs 1-4 (see also Miller 1979 O) Chick weight does not correlate 
with hatch order due to its variable nature around the first 3 hours 
after hatch (for full details see Yates, unpubl. thesis 1982). In 
addition, chicks do not feed until they have left the nest, so they 
are constantly using up yolk reserve (Pienkowski 1983,198401; 
Yates unpubl. thesis 1982). 
The results showing the relationship between chick size and 
date of hatch are of similar interest. In this case negative 
correlations exist for all the measured parameters, except chick 
tarsus. Therefore, as the season progresses, chicks hatching are 
decreasing in size, except for tarsus measurement. Of all the chick 
appendageSý, the tarsus is the most fully developed at the time of 
hatch (55-60% of adult tarsus). Tarsus size does not appear to 
decrease in chicks hatching later in the season. If chicks hatched 
later in the season had a smaller tarus they may be at a considerable 
disadvantage. Compared with the early season when vegetation is 
short and feeding places abundant, the demands of the latter half of 
the season are greater. It is essential later in the season to have 
a long tarsus to combat long grass, scarcity of wet areas for feeding, 
and increased level of predation from hungry Lesser Black-backed Gins, 
Herring Gulls and kestrels feeding broods. Clearly, genetic control 
of tarsus length could mean that later in the season smaller eggs do 
not necessarily produce chicks with shorter legs. The reasons why 
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egg size and thus chick size decrease with date of hatch (or timing 
of laying) are explained fully in Chapter 2. 
Considering the differences in weather conditions between all 
three seasons, it is surprising that the mean length of nest stay 
by chicks is so consistent. One very interesting point concerns the 
range of periods spent in the nest and the number of occasions chicks 
were recorded for each time ;, eriod. In particular, a single factor 
explains the presence of a bimodal frequency (see Table 1.47). Those 
chicks that have only spent a short period of time in the nest are 
those that have hatched 3rd or 4th. If the hatch is relatively 
synchronous, then the chicks hatch over a shorter period of time. 
Once dry, and conditions are suitable, the brood leaves. 
Those chicks which spend a long period in the nest are most likely 
the result of an asynchronous hatch; one or sometimes two eggs are 
often well behind the others. The hatched chicks are held in the nest 
whereas the late-coming chicks leave the nest almost immediately they 
are dry. 
On a very few occasions, chicks were recorded leaving the nest in 
the morning but were re-called to the nest in the evening. At this 
stage there is no way of knowing if a prolon. ed stay or a short stay 
improves or decreases a chick's chance of survival. Certainly when 
weather conditions are unfavourable (very hot, cold, or wet), chicks 
are held in the nest. Presumably the warmth and protection gained 
outweigh the risks of chilling/overheating. Similar observations 
have been made on other species, particularly Greenshank and Dunlin 
(Nethersole-Thompson & Nethersole-Thompson 1979; Soikkeli 1967). 
Once the chicks have left the nest they enter a phase of life 
demanding much care and protection by their parents. This is also a 
difficult time for the observer as broods are difficult to follow, 
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demanding much patience and effort. 
In the majority of cases, both adults are still attending the 
nest at the time of hatching. When only one adult was in attendance 
we sometimes later found the second bird at a second nest. Such 
behaviour may have arisen as a result of a bird deserting its first mate. 
However, on at-least one occasion one bird was associated with two 
separate mates at two nests at the same time. 
We have never discovered that a brood Split up, with some chicks 
going with the male and some with the female. If this happens it 
does so rarely (see Tuck on behaviour of Common Snipe GallinaRo 
gallina, go 1972). On one occasion three chicks of unknown age 
(estimated as 41 6.5 and 8.75 days old) were captured in a ditch in 
close proximity to each other, with only two adults present. It is 
possible that there were 3 separate broods, but on previous occasions 
pairs tended not to mix. Indeed fights have been seen when pairs have 
moved too close to each other. The possibility remains that one pair 
had accidentally picked up a couple of chicks. Cases of chick adoption 
are fairly rarely recorded; nevertheless there are some reliable 
records of this occurring in Redshank and Dunlin 
(Hakansson 1978; 
Hilden 1977; Thin 1942). 
3rood care is variable with some pairs staying with their young 
right up to fledging; in other cases a single adult carries out all chick 
rearing duties. The normal would appear to lie somewhere in between. 
In a very few cases where it gras known, 6koca attQ%Nk%A .L was by the male, 
the female deserting some time after tht tenth day. This is similar to 
that recorded in Greenshanks (Nethersole-Thompson 1951; Nethersole- 
Thompson & Nethersole-Thompson 1979). 
Some fledglings are attracted to an attendant adult, presumably 
by the calls. Young birds would frequently fly in and follow an 
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alarm-calling adult before flying away again. This could easily 
confuse an inexperienced observer into estimating erroneous fledging 
periods. 
Accurate estimates of fledging success require many hours of 
fieldwork. and a fair amount of luck. At 25 days of age the wings are 
developed and a weak flutter/run is possible. raying takes place, 
or is at least possible, from 26.5 days. There may be some considerable 
variation, but at no stage would this variation match that found 
in :, a. pwings (see Jackson & Jackson 1980). 
Quite what stimulates a first flight is unknown. Chicks which 
were caught hiding sometimes flew/fluttered on release when chased. 
The largest chick caught, at 28.25 days, flew fully 70 metres before 
running and then hiding. This chick made no attempt to fly when 
approached but preferred to hide. It would appear that there is a 
transition period from hiding and running to flying. Presumably flying 
may be induced under certain conditions of danLer. Grosskopf(l95d, 1960) 
estimates fledging at 25-35 days. Other estimates of 25 days and 
23 days were made by hayfield (1943) and Robson (1953). In captivity, 
Heinroth (1927) and von Frisch (1959) estimated fledging at 25 ana 28 
days respectively. 
IledainE success 
Unlike hatch success, the calculation of fledging success is 
fraught with many problems. The most obvious is that following a brood 
and determining how ma,. -, y chicks survive is very difficult. The 
figures for fledging success of followed broods will always be an 
underestimate because some fledglings may be missed. Moreover, in 
a large population of mobile birds it is very difficult to assess 
broods moving, dying, fledging; and other broods appearing as a 
result of movement or birth. To assess overall fledging success, 
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the number of successful broods must be calculated. This is very 
difficult to achieve in a large population. 
The fledging success estimated from field observations suggest 
that about one-third of chicks which hatch actually fledge in 
successful broods. The overall number of broods which are successful 
is unknown. 
Theoretic, _l calculations of fledging success suggest that in 
some successful broods fledging success may be as high as 70% This 
figure differs widely from the more accurate field based estimate. 
In the case of the theoretical calculation the overwinter mortality 
estimate of first year birds would appear to be too high. 
Good field observations suggest that normal fledging success lies 
somewhere between 25-50% per successful pair. ( ., o brood was ever 
observed at the time of fledging with more than two surviving chicks). 
Finally, winter mortality would surely range widely between years. 
In the hard winter of 1984-85, three dead Redshank, ringed on the 
Ribble, were picked up within a 1lß day period. In each case the cause 
of death was described as starvation due to freezing of feeding grounds. 
During this spell Redshank were found dead all along the south coast 
of England and also along the French coast (Davidson & Clark 1985). 
At the present time I can see no way of assessing fledging success 
in a densely populated area. In those broods that are followed, a basic 
calculation is possible and may be useful when certain problems are 
highlighted. The main problem is that only surviving broods are 
followed; the broods that perish simply disappear. The answer lies 
in assessing how many broods perish each day as opposed to moving, 
fledging or simply being missed. 
Grosskopf (1960) estimated that 56% of eggs hatched gave rise 
to fledging. I would make a cautious final estimate of 20-30% 
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fledging success as an overall figure. For a theoretical estimate 
and further discussion see Chapter 5. 
For a full comparison of the itedshank with the closely related 
Greenshank see Appendix 4. 
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Chapter 2 
Female age and size-related reproductive differences. 
Possible breeding quality indicators 
Introduction 
Pioneering work by Grosskopf (1959a, 1970) on the Redshank strongly 
suggested that breeding birds of different ages were nesting at 
particular times of the reproductive season. Furthermore, this 
study suggested that mate selection was taking place on the basis of 
size. Little other quantitative work has been done on the breeding 
biology of Redshank, other than the exhaustive study of Ashcroft 
(unpubl. thesis 1978), and Yates (unpubl. thesis 1982) on the 
Ribble Marshes. 
On the closely-related Greenshank, Nethersole-Thompson has 
carried out two exhaustive studies; in Speyside (N. E. Scotland (1951) 
and Sutherland (N. W. Scotland) (1979). These studies have greatly 
added to our basic knowledge of sandpipers and have also given an 
insight into the more specific details of breeding biology. In 
particular the effect of age on laying data, both within and berween 
seasons, have been highlighted. Recent analysis (Thompson, Thompson, 
and Nethersole-Thompson 1986) give a further insight into how members 
of the population contribute to breeding effort. In particular the 
analysis show that older birds nested earlier in the season, that 
egg weight is related to laying time, and that climatic factors 
cause between-year fluctuations in laying date. In the Redshank study, 
analyses have concentrated on highlighting within-year differences. 
There has been no recent study carried out on the Greater Yellowlegs 
T. melanoleuca and the Lesser lellowlegs T. flavioes. The Spotted 
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Redshank T. erythroous has been the subject of many years research 
by Raner (see Nethersole-Thompson & Nethersole-Thompson 1986). 
Studies of other sandpipers have tended to concentrate on 
accumulating general infornation which is also important to our 
understanding of sandpiper breeding systems. rcceptions have been 
the very detailed study of Spotted Sandpipers (Oring & Knudson 1972; 
Dring & Lank 1982; Oring, Lank & Maxson 1983; Oring & Lank 1>85), 
the study of Dunlin (Soikkeli 1967,1970a, 1970b), and more recently 
a study of Semipalmated Sandpipers (Gratto, Cooke & Morrison 1983; 
Gratto, Cooke & Morrison 1985). This last study examined the 
hatch success and potential reproductive success of first-year and 
older birds. 
Many other studies of sandpipers have examined various aspects 
of breeding history, but have neglected to examine age related 
effects and possible size effects in relation to potential breeding 
quality. 
Studies of non-shorebirds have examined such factors in more 
detail, presumably because 
(a) these birds often nest colonially, making study easier and 
(b) some birds, such as gull species, may be aged accurately on the 
basis of plumage differences up to several years (4 in some cases). 
In Redshank, accurate ageing is only possible for first-year birds 
(see Methods). 
Studies of other Charadriiforrnes, in particular the gulls and 
terns, have isolated age-related reproductive differences and have 
in many ways led the field by their far-sighted approach. Many of 
the questions posed are now being tackled by wader workers. However, 
as suggested above, there are many very real practical problems to 
overcome. 
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The major non-wader works, for example studies on Kittiwake 
(Coulson & White 1958; 1960; Coulson 1963,1966,1968; Coulson r 
Wooler 1976; Thomas 1983) have examined age structure of population, 
age-related to breeding time, age related egg-size differences and age 
versus reproductive quality. Other gull studies (Davis 1975, Mills 1979) 
have also examined factors affecting eg size. T: _ese studies have 
attempted to take our understanding of populations and the role of 
individuals a step further. Finally, studies of arctic Terns 
(Coulson & Horobin 1976), Common Terns and Roseate Terns Sterna dougalli 
(Nisbet 1978) have studied aÜe-related factors and their effect on 
overall reproductive success. Other Charadriiformes studies, notably 
of skuas (Furness , unpubl. 1977) have examined reproductive success 
and related this to age of individuals. 
At the end of this Chapter I have compared the findings of 
other researchers along with my own. 
This Chapter presents the results of the major part of the study 
carried out over 3 breeding seasons. 
The main aims were: 
(a) to study the effect of age on laying time, egg size (length, 
breadth and volume) and reproductive quality; ' 
(b) to relate age to individual quality (weight, size, plumage); 
(c) to study the role birds of different age groups play in the 
population. 
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Tiring of laving 
Results 
Data on timing of laying are presented in Figures 5,6 and 7. 
The data are shown in two classes: 
(a) The number of birds (caught per 5-day period) which had bred 
in previous years (controls); 
(b) The number of birds (caught per 5-day period) which had not been 
previously caught. These included birds ringed as chicks which were 
known to be breeding for the first time, and 'unrings'. 
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FIG. 5. The date of clutch completion of Redshank 
of different ringed status captured on the 
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KG. F. The date of clutch completion of Redshank of 
different ringed status cactured on the nest. 1984. 
FIG. 7. The date of clutch completion of Redshank of 
different ringed status captured on the nest. 1985. 
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In 1983 and 1985 there was extensive flooding4the study area 
during the breeding season. This culminated in 36% and 162 of all 
nests being lost due to tidal flood water. Reference to Figures 
2b, 3band 4b indicates the predicted tidal cycle for all years. In 
1983 the marsh was extensively flooded on three occasions; 27 April, 
13 May, 14 June. In 1984 the study area was heavily flooded on 15, 
16 and 17 April; on 15 May some minor flooding occurred but only a 
few nests were lost. In 1984 laying began after the main spring tides 
of mid-:: pril and consequently only 3; of nests were lost due to flood 
tides. In 1985 the marsh was badly flooded on 5,6,7 and 8 April 
prior to nesting; further extensive flooding occurred on 4,5 and 6 
May. These floods were devastating, destroying wholly or at least 
parti. Uy three-quarters of the nests preset at the time. No 
subsequent flooding occurred in 1985. 
Figures 5,6 and 7 demonstrate the temporal distribution of 
clutch completion dates shown in Chapter 1 (Figures 2a, 3a and 4a). 
In 1983 controls and 'unringst show a. bimodal frequency. The 
Majority of controls (62%) h-: ve nested early in the season and are mainly 
responsible for the first nesting wave. After the i4ay flood many nests 
were lost and much re-lying subsequently occurred. The large number of 
controls in the second wave may have nested first time round but were not 
caught. The majority of 'unrin; s' (56%) were trapped from nests completed 
later in the season. 
The data for 1984 appear to indicate a much clearer picture. Once 
again clutches were completed manly in the early season. However, a 
number were also completed (a sizeable percenta-e of these being re-lays) 
later in the season. The majority of birds trapped from the first wave 
of nests (72) were controls. Some 'unrings' and first years were also 
caught from the first wave but the majority (59%ä) were responsible for 
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nests found in the later waves. Only a small percentage (19.5%) of 
controls was trapped from nests of the second and third waves, 
The 1985 season exhibited an interesting pattern of dates of 
clutch completion (see Figure 4a Chapter 1). Birds trapped from 
these nests showed an expected pattern. Redshank trapped from the 
first wave of nests proved mainly to be controls. However, the first 
wave was much smaller than previous years (see Discussion, Chapter 1, 
on timing of laying). The majority of 'unrings' (7C%) were caughti from 
the second wave of nests. The large number of controls caught from the 
second wave (76%) represents tie large number of nests which were found 
at this stage. At the start of the season, laying began very slowly, 
with many birds apparently delaying laying until later in the season. 
The overall number of nests found and the overall number of 'unrings' caught 
was well down on the two previous seasons. For possible reasons see 
Discussion. 
The 1984 season was least affected by tides and bad weather. It 
is likely that the pattern obtained for this year represents the 'true' 
picture for an undisturbed nesting season. 
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Table 2.1 A Chi-square analysis to examine the relationshi 
between adult experience and laying dates. Birds 
already ringed are considered to be experienced, 
whereas unringed birds are considered 
inexperienced (1983 data 
. 
Timing of la; jing 
Adult Nested in Nested in 
status first wave subsequent waves 
Experienced 90 55 
Inexperienced 41 52 
X2 - 6. G6 p4 0.01 (1) 
Table 2.2 A Chi-square analysis to examine the relationshi 
between adult experience and laying date. 
198L data. Adult status as above 
Timing of laying 
Adult Nested in Nested in 
status first wave subsequent waves 
Experienced 124 30 
Inexperienced 48 70 
x2(1) ° 43.9 p 4.0.001 
Table 2.3 A Chi-square analysis to examine the rela 
betu -en adult experience and laying data 
1985 data. Adult status as above 
Timing of laying 
Adult Nested in Nested in 
status first wave subsequent wave 
Experienced 35 in 
Inexperienced 16 37 
X2(1) = 0.19 n. s. 
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In 1983 and 1984 experienced breeders (controls) bred earliest. 
Inexperienced (unrings) birds tended to nest slightly later in the 
season. In 1985, a bird's experience did not relate to its timing 
of laying. This arose because of the delayed start to the breeding 
season, resulting in many older birds nesting later in the season. 
The inexperienced birds caught may be divided into first year 
birds and birds of greater than one year old. In 1984,37.5% of 
unringed birds caught from the first nesting wave were first year 
birds. Twenty three percent of unringed birds caught in the second 
nesting wave were first year birds. 
In 1985, the number of unringed birds caught was very much 
lower than in 1983 and 1984. Of those unringed birds nesting in the 
first wave, 62.5% were known to be first years. In the second nesting 
wave, 10.5% of the unringed birds were first years. 
First year birds were therefore found in both the early and late 
nesting waves. There is no way of knowing what percentage of unringed 
birds which were not first years were nesting for the first time. 
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Correlates of Redshank Breeding Biology 
At each nest found, an attempt was made to catch, measure and 
age the incubating adults. An effort was also made to measure 
(length and breadth) as many eggs as possible and to determine the 
date of clutch completion for all nests. At any nest, where all the 
above was achieved, the relations.: ip between a bird, its eggs, and its 
date of clutch completion could be examined. By dealin,; with the data 
set as a whole, it was hoped to build up a general picture of breeding 
variables within the population. The following analysis therefore 
concentrates on groups of birds rather than individuals. 
The statistical analysis of the breeding data was carried out 
on the statistical Package for Social Sciences (Nie et 1975). 
Analysis were mainly by Pearson's correlation and multiple regression 
analysis to examine the relationship between dependent and independent 
variables. 
These analysis ther-fore determined both the streng and 
direction of relationships where they existed. 
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Table 2.4 A correlation analysis of female size 
ß: _raneters. 
Pearson's correlation coefficients (r). 
(a) Year 1983 
Variables _ige weight wing tarsus bill 
Female age 
Female weight (125) 
n. s. 
wing (125) (124) 
0.212* 0.172 
a. 30 
tarsus (125) (124) (125) 
n. s. 0.4114*** 0.147 
n. s. 
Bill to feathers (124) (124) (124) (124) 
n. s. 0.202* 0.227* 0.384*** 
(b) Year 1984 
Variables 
Female age 
weight 
wing 
tarsus 
Bill to feathers 
Age Weight wing tarsus bill 
(138) 
n. s. 
(138) (138) 
0.230** 0.268** 
(138) (138) 
n. s. 0.174* 
(137) (137) 
n. s. 0.. 290** 
(c) Year 1985 
Variables 
Female age 
weight 
Wing 
tarsus 
Bill to feathers 
Age weight 
(106) 
0.190 
U. S. 
(107) (106) 
0.194* 0.245* 
(107) (106) 
U. S. 0.482*** 
(99) (98) 
U. S. 0.283** 
(138) 
n. s. 
(137) (137) 
0.119 0.303*** 
n. s. 
wing tarsus bill 
(107) 
n. s. 
0.224* 1 
0.286** 
13-1 
The tabulated results indicate that wing length is the best 
predictor of female age. Not surprisingly, female age does not 
correlate with her weight, possibly because weight tends to fluctuate 
so much over a short period of time. One female has been recorded 
losing 22 gms within 2 days. 
Once the relationship bctween female age and size had been 
examined, she relationship between female parameters and date of 
clutch completion, eg size and reproductive success was examined. 
The results are displayed in a series of Tables indicating both 
the strength and direction of relationships where they existed. 
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In all three years of this study, male age was found to be 
significantly and positively correlated with female age. Thus male 
and female Redshank tended to be mated with birds of similar age to 
their own. This relationship may be explained by the fact that 
surviving Redshank generally remain mate faithful and that the life 
expectancy of male and female Redshank is the same (fates, unpub. 
thesis 1982). Most surviving Redshank that return therefore mate 
for life. 
There was also a significant and positive relationship between 
female age and mean egg volume in all years. In 1983 and 1984, female 
wing length and weight also correlated positively with mean egg volume 
as well as with mean egg length. Thus, older, larger females tended 
to produce longer and larger (volume) eggs in 1983 and 1984. In all 
years, older females were found to produce eggs of greater volume. 
Older birds are more experienced and are therefore probably 
better able to obtain the necessary food required at the pre-egg 
laying stage. 
In 1983 and 1985, no relationship was found between date of clutch 
completion and female age. In 1984 there was a negative and significant 
correlation between female age and date of clutch completion. Thus, in- 
1984, older females tended to nest earlier than did younger birds. 
The data obtained in 1983 and 1985 have been affected by the tidal 
patterns which brought about the destruction of many nests in the early 
half of the season. Much relaying occurred as a result of these tides; 
many birds which had nested, but were uncaught prior to flooding, 
therefore appeared to be nesting for the first time. This was a 
confusing factor which clouded the true relationship which may have 
existed between female age and date of clutch completion. Additionally,, 
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in 1984, there was a significant negative correlation found 
between date of clutch completion and female weight. Thus, the early 
nesting females were heavier than the late nesting females. 
Finally, these analysis tentatively suggest that a relationship 
may exist between female age and the number of eggs hatched. Such a 
relationship could exist if young birds were less attentive or less 
efficient incubators than older birds. 
Table 2.8 Relationship between date of clutch completion, 
male age and egg measurements with each other. 
1983 data. 
Pearson's correlation coefficients (r). 
Date T. c. v. M. e. l. M. e. b. M. e. v. Male Eggs Eggs 
C. C. _Cle 
hitched laid 
Date of 
clutch 
completion 
Total (96) 
clutch 0.264** 
volume 
Mean egg (101) 
length 0.242* 
(per 
clutch) 
Mean (101) 
egg 0.285** 
breadth 
Mean (101) 
egg 0.310** 
volume 
Male age (103 ýS 
--- -0.154. 
(97) 
0.589*** 
(97) (102) 
0.685*** 0.463*** 
(97) (102) (102) 
0.748*** 0.797*** 0.903*** 
(84) (88) (88) (33) 
ns ns ns ns 
Eggs (123) (97) (102) (102) (102) (105) n, hatched -0.133 
ýS ns ns ns ns ns 
per nest 
Eggs laid (123) (97 (102) (102) (102) (105) (128) 
per nest ns 0.767*** ns 0.286** 0.235* ns 0.491*** 
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In 1983 male age shows a negative non significant correlation 
with date of clutch completion. Thus, although both older male and 
female Redshank tended to nest earlier in the season, the relationship 
was not a significant one. 
The clutch volume and mean egg measurements correlated positively 
and significantly with the date of clutch completion. Therefore, as 
the season progressed the eggs being laid tended to increase in length, 
breadth and volume. This relationship is difficult to interpret. 
Possibly early breeders are able to do so because they have invested 
less in their clutches. In those birds which were flooded and then 
relaid, the birds may have benefitted by investing slightly more in 
their clutch second time round. The most probable explanation, however, 
is that the relationship has arisen as a result of large eggs being 
laid by the older birds which relaid following nest loss in the early 
part of the season. 
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Table 2.9 Relationshi between date of clutch completion, 
male age and egg measurements with each other. 
1984 data 
Pearson's correlation coefficients (r) 
Date 
C. C. 
Date of 
clutch 
ccmpleti on 
Total (115) 
clutch ns 
volume 
T. c. v. M. e. 1. M. e. b. M. e. v. Male Eggs Eggs 
e hatched 
Mean egg (115) (115) 
lenöth ns 0.509 
(per 
clutch) 
Mean (115)n5 (115) (115) 
egg -0.156 C. 728*** 0.327*** 
breadth 
Mean (117) , 
(115) (115) (115) 
egg -0.118 0.773*** 0.71+2*** 0.875*** 
volume 
Male age (129 (106) (106) cl, (106) (108) 
-0.285** ns -0.115 ns ns 
Eggs (143)t%b (115) (115) (115) (117) (129) 
hatched -0.141 0.262** ns 0.231* 0.194* as 
per nest 
Eggs laid (143) (115) (115) (115) (117) (129) (143) 
per nest ns 0.710*** ns 0.170 0.104 0.125 0.263** 
The 1984 results differ from the 1983 results in several 
important respects. 
Firstly, male age shows a significant and negative correlation 
With date of cl,. ý ch completion. Thus, in 1984, older males and females 
tended to nest earlier in the season. 
Secondly, there is a weak negative relationship between clutch 
volume and mean egg neasurements with the date of clutch completion. 
Thus, as the season progressed the eggs being laid tended to get smaller. 
This is almost certainly due to the fact that the majority of older 
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birds laying larger eggs were caught early in the season and the 
majority of younger birds (laying smaller eggs) were caught later in 
the season. The relationship is further examined in Table 2.11. 
Table 2.10 Relationship between date of clutch completion, 
male age and egg measurements with each other. 
1985 data 
Pearson's correlation coefficients (r). 
Date T. c. v. ! I. e. 1. 
c. c. 
Date of 
clutch 
completion 
Total 
clutch 
volume 
Mean egg 
length 
per clutch 
Mean 
egg 
breadth 
Mean 
egg 
volume 
Male age 
Eggs 
hatched 
per nest 
Eggs laid 
per nest 
(59) 
ns 
(59) (63) nS 
ns 0.201 
(59) (63) 
ns 0.415*** 
(59) (63) 
ns 0.408*** 
(95) (36) 
ns ns 
(133) (63)ßy 
0.510*** 0.189 
M. e. b. M. e. v. Male Eggs eggs 
e hatched laid 
(63) 
ß. 32I** 
(63) (63) 
0.721*** 0.886*** 
(36) (36) 
no 0.210 
(63)ßb (63) 
0.151 no 
(133) (63) (63) (63) 
na 0.951*** na na 
(36) 
ns 
(63)ßy (104) 
0.199 ns 
(63) (104) (144) 
no no 0.190* 
In 1985 no relationship was found between male age and date of 
clutch completion 
(as was the case for female age and date of clutch 
completion). Therefore, older birds 
do not appear to have nested 
significantly earlier than younger birds. 
Additionally, no relationship was found between date of clutch 
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completion and egg and clutch size. This is almost certainly 
because male and in particular female age was not found to be 
related to clutch completion data. The very unusual laying pattern 
observed in the 1985 season is discussed at the end of this Chapter. 
The relationship between egg measurements and date of clutch 
completion was further investigated, using the data set from 1984. 
In 1984 the laying pattern was not affected by inclement weather or 
the tidal cycle. The resultant egg laying pattern was considered to 
be the normal laying pattern under optimal conditions. 
The analysis displayed in Table 2.11 was carried out on 
clutches where the specific egg laying order was known. 
The effect of female age and date of clutch completion on egg size. 
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Table 2.11 The relationship between female age and 
date of clutch completion with egg 
biometrics. 1984 data 
Pearson's correlation coefficients (r) 
Female age (1-3) 
Length 0.305** 
gg E1 Breadth 0.361*** 
Volume 0.408*** 
Length 0.321** 
Egg 2 Breadth 0.252* 
Volume 0.338** 
Length 0.257* 
Egg 3 Breadth 0.339** 
Volume C. 371*** 
Length 0.157nS 
Egg !. Breadth 0.377*** 
Volume 0.331#* 
Date of 
clutch 
completion -0.361** 
Date of clutch completion 
(days from 31 March) 
-0.035ns 
-0.154ns 
-o. 069' 
-0. o6. ns 
-0.157ns 
-0.149ns 
-0.141ns 
-0.2o9n s 
-0.214ns 
-0.072ns 
-0.295** 
-0.223# 
Note: Females aged 3 years or more were designated as being 3 years 
old. It wr_s hoped that this would highlight any age-related 
differences occuring in the first 3 years of life. 
The results of th- analysis highlight three points. Firstly, 
(n) 
78 
78 
78 
77 
78 
the correlation coefficient between female age and date of clutch 
completion has been Increased by oupin6 birds of 3 years breeding 
experience or more together. Thus, older females breed earlier in the 
season than do younger birds. 
Secondly, female age correlates positively and significantly with 
egg measurements. Therefore, older females lay larger eggs than do 
young birds. 
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Finally, the relationship between egg size and date of clutch 
completion is examined in more detail. As the date of clutch completion 
increases, eggs tend to decrease in size (length, breadth and volume). 
The correlation coefficients are not significant, except for the 
fourth egg. Therefore, as the season progresses, fourth eggs 
significantly decrease in size. 
A series of stepwise multiple regression analysts was carried 
out using the S. P. S. S. package to determine the strength and direction 
of relationship between one dependent vu: riable and a series of 
independent variables (Nie et al 1975). 
Tables 2.12 and 2.13 examine the relationship between female 
weight and wing length with a series of female variables. 
Table 2.14 examines non-climatic factors which have an effect on 
timing of laying. In this instance the independent variables were 
male and female age ant female size. The analysis was carrtad out 
to determine which of these (if an, ) could be used as a predictor of 
an individuals tieing of laying. I have excluded the effects of 
climate because I am particularly interested in timing of laying 
within a year (thus all birds present on the breeding area experienced 
the same weather conditions). If I were examining the timing of laying 
between years then climatic factors would have to be included. 
Finally, a series of nultiple regressions were conducted to 
determine w:. --t aspects of 
females age, size or timing of laying best 
predicted her egg an: i clutch size (total volume)., These results are 
shown in Tables 2.15-2.18. 
_: 
11 results are discussed fully in the Discussion at the end of 
this chapter. As in Chapter 1 (Tables 1.39-1.43) F-values are printed 
with significance values attached. Beta values not included in the 
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results had associated F -values which were not significant. : 111 
data are shown separately for each year of study. 
Table 2.12 Beta values and F -ratios for the relationship 
be -uween female weight with age and other 
female Darameters measured. 
(a) 1983 
Dependent Independent variables 
variable 
Female 
a-e ging Tarsus billl 
Female Beta --0.356 - 
weiEht r ns ns 11.5** ns 
Significance values associated with F-ratios (d. f. 1,79) 
A total of 39o of the cumulative variance was explained 
(b) 1984 
Dependent Independent variables 
variable 
Female wing Tarsus bill1 
age 
Female Beta - 0.251 - 0.277 
weigh F ns 7.2** ns S. $#** 
Significance values associated with F-ratios (d. f. 2,98) 
A total of 40% of the cumulative variance was explained 
(c) 1985 
Dependent Independent variables 
variable 
Female wing Tarsus bill' 
age 
Female Beta - 0.399 0.543 
weight r ns 7.5** 13.9*** ns 
Significance values associated with F-ratios (d. f. 2123) 
A total of 75% of the cumulativ` variance was explained 
Note: bill' = bill tip to feathers length 
The results shown in Tables 2.12 (a-c) are not consistent between 
years. In 1983 a females tarsus measurement was the best predictor of 
her weight. In 1984 wing length and bill tip to feathers length was the 
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best predictor of her weight. In 1984 wing length and bill tip 
to feathers length was the best predictor of female weight. finally., 
in the last year of study, the best predictor of female weight was 
found to be female wing and tarsus length. 
Weight fluctuates in females both within and between days. The 
fluctuating nature of the dependent variable probably best explains 
why no clear predictive measurement was found to exist. 
Table 2.13 Beta values and F-ratios for the relationship 
between female wing measurements and female 
age, and other female parameters measured. 
(a) 1983 
Dependent 
variable 
Female Beta 
wing F 
Independent variables 
Female weight Tarsus bill' 
age 
0.284 0.250 
7.4** ns ns 5.7## 
Significance values associated with F-ratios (d. f. 2,78) 
A total of 42% of the cumulative variance was explained 
(b) 1984 
Depend eat 
variable 
Female Beta 
win p 
Independent variables 
Female weight Tarsus bill' 
age 
0.270 0.290 -- 
8.5*** 9.8*** ns ns 
Significance values associated with F-ratios (d. f. 2,98) 
A total of 40% of the cumulative variance was explained 
(c) 1985 
Dependient Inuependent variables 
variable ffh+ 1.. l 
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Female Beta 
win r 
1GWCi1G wvýýaav X41 pMV V1. Lj 
-ge 
0.544 -- 
10.1 >* na na na 
Significance values association with ? -ratios (d. f. 1,24) 
A total of 60% of the cumulative variance was explained 
In all years (1983-85) female age was a good predictor of wing 
length. Thus wing length is in part depend at on female age. 
Therefore, as a female gets older her wing length increases. In 
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1984 Table (2.13b) female weight was also a good predictor of female 
wing length. Almost certainly this relationship has arisen because 
young birds have shorter wings due to the degree of feather abrasion 
experienced (see Discussion). 
One cculd infer that age could perhaps be predicted from wing 
length. For obvious reasons this was not tested. 
Multiple analysis to determine the dependency of date 
of clutch completion on male and female parameters. 
Table 2.14 Beta values and F-ratios for the relationship 
between date of clutch completion with 
female age and size and mile age 
(a) 1983 
Dependant 
variable 
Independent variables 
Female weight wing tarsus bill ; late 
age age 
Date of Beta ------ 
clutch F ns ns ns ns ns ns 
completion 
(b) 1984 
Dependent Independent variables 
variable 
Female weight wing tarsus bill male 
age age 
Date of Beta - -0.191 - 0.193 - -0.229 
clutch F ns h.. 0* n3 4. ]* us 5.8* 
completion 
Significance values associated with F-ratios (d. f. 3,97) 
A total of 35% of the cumulative variance vas explained 
(c) 1985 
Depend ent Independentriables 
variable 
Female weight wing tarsus bill male 
age age 
Date of Beta ------ 
clutch F ns no ns ns ns ns 
completion 
The results of the regression analysis shown in Tables 2.14 (a-c) 
are very interesting. 
124 
In 1983 and 1985 no independent variables were significantly 
related to date of clutch completion. These results are as discovered 
in the Pearson's correlation analysis. I would suggest that the main 
reason for a lack of relationship between independent and dependent 
variables was the flooding of the study area which resulted in 
substantial nest losses. Nests lost were replaced, thus giving the 
impression that many birds conpleted their clutches much later in the 
season than actually was so (see Discussion). 
In 1984, male a-e was the best predictor of a pairs date of 
clutch completion. The older the male the earlier the laying began. 
Interestingly, female age did not significantly relate to a pairs 
timing of breeding. Had female age been grouped (as in Table 2.11) 
then it is possible that this too would have related negatively to 
a pairs date of clutch completion. The 1984 data also indicated that 
heavier females laid earlier than lighter females. 
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Egg and clutch variables 
Table 2.15 J. values and F-ratios for the relationship 
between total clutch volume and female age, 
measurements and date of clutch completion. 
(a) 1983 
Dependent Independent variables 
variable 
Female weight wing tarsus bill date of 
age clutch 
completion. 
Total Beta --0.391 --0.301 
clutch F ns ns 15.6*-, "* ns ns 9.2*** volume 
Significance values associated with F-ratios (d. f. 2,78) 
A total of 54% of the cumulative variance was explained 
(b) 1984 
iependt Indpendent variables 
variable 
Female weight wing tarsus bill date of 
age clutch 
completion 
Total Beta --0.228 --- 
th F ns ns 5.4* ns ns ns 
volume 
Significance values associated with F-ratios (d. f. 1,99) 
h total of 33ý of the cumulative variance was explained 
(c) 1985 
Dependent 
variable 
Independent variables 
Female weight wing tarsus bill date of 
age clutch 
completion 
Total Beta 0.480 -- -- -- 
clutch F 7.2* ns ns ns ns na 
volume 
significance values associated with F-ratios (d. f. 1.24 
A total of 57 of the cumulative variance was explained 
Note: In 1985 the number of eggs measured was very much 
smaller than in the first two years. Of those eggs 
that were measured, the majority were from the first 
half of the season. 
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The results shown in Table 2.15 (a-c) are inconsistent between 
years. In 1983 female wing length and date of clutch completion were 
the best predictors of a females final total clutch volume. In 1984 
female wing length was the best predictor of clutch volume. In 1985 
fever clutches were measured. In this year female age was found to be 
the best predictor of total clutch volume. Thus, older females produced 
clutches of largest total volume. 
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Table 2.16 
. values and 
F-ratios for the relationship 
oetween mean egg leng th and female age, 
measurements and date of clutch completion. 
(a) 1983 
Dependent Indpendent variables 
variable 
Female weight wing tarsus bill date of 
age clutch 
completion 
Mean egg Beta 0.167 0.248 0.307 -- 0.267 
length F 2.7* 6.3*** 8.9*** ne ns 7.6*** 
Significance values associated with F-ratios (d. f. 4,76) 
A total of 56% of the cumulative variance was explained 
(b) 1984 
Dependent Independent variables 
variable 
Female weight wing tarsus bill date of 
age clutch 
completion 
Mean egg Beta - 0.320 
length F ns 11.3** ns ns ns ns 
Significance values associated with F-ratios (d. f. 1,99) 
A total of 41% of the cumulative variance was explained 
(c) 1985 
Dependent 
variable 
Mean egg Beta 
length F 
Independent variables 
Female weight wing tarsus bill date of 
age clutch 
completion 
0.419 ---0.462 - 
7.4*' na na na 9.1v* ns 
Significance values associated with F-ratios (d. f. 2.23) 
A total of 77% of the cumulative variance was explained. 
Table 2.16 (a-c) examines the dependance of mean egg length on 
female age, size and date of clutch completion. In 1983 mean egg 
length was depenabnt on female wing length, date of clutch completion, 
female weight and female age: Thus older heavier long winged females 
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laying later in the season produced eggs of largest mean egg length. 
In 1984 heavier females produced eggs of larger mean egg length. 
In 1985 mean egg length was dependent on bill length and female 
age. 
Table 2.17 A values and F-ratios for the relationship 
between mean egg breadth and female age, 
measurements and date o clutch completion. 
(a) 1983 
Dependent 
variable 
Independent variables 
Female weight wing tarsus bill date of 
age clutch 
completion 
Mean egg Beta - 0.177 0.236 --0.340 
breadth F ns 2.9* 5.2** ns ns 11.0*## 
Significance values associated with F-ratios (d. f. 3,77) 
A total of 47% of the cumulative variance was explained 
(b) 1984 
Dependent Indenend n. t variables 
variable 
Female weight wing tarsus bill date of 
age clutch 
completion 
Mean egg Beta 0.236 ---- 
breadth F 5.3* ns ns ns ns ns 
Significance values associated with F-ratios (d. f. 1,99) 
A total of 33% of the cumulative varirnce was explained 
(c) 1985 
Dependent 
variable 
Mean egg Beta 
breadth F 
Independent variables 
Female weight wing tarsus bill date of 
age clutch 
completion 
0.459 ----- 
6.4* ns ns ns ns ns 
Significance values associated with F-ratios (d. f. 1p2 ) 
A total of 50% of the cumulative variance was explained. 
In 1983 (Table 2.17a) mean egg breadth was found to be dependent on 
data of clutch completion, female wing length and female weight. Thus 
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the eggs of greatest mean breadth were produced by long winged 
heavy females which completed their clutches later in the year. 
In 1984 and 1985 the oldest females produced eggs of largest mean 
egg breadth. In both these years no other independent variables were 
found to be related to mean egg breadth. 
Table 2.18 values and F-ratios for the relationship 
between mean egg volume and female age, 
measurements and date of clutch completion 
(a) 1983 
Dependent 
Independent variables 
variable 
Female weight wing tarsus bill date of 
age clutch 
completion 
Mean egg Beta 0.173 0.254 0.269 0.360 
volume F 3.1* 7. o*** 7. l*** ns ns 14.4*## 
Significance values associated with F-ratios (d. f. 4,76) 
A total of 57 o of the cumulative variance was exptoaýe&. 
(b) 1984 
Dependent Independent variables 
variable 
Female weight wing tarsus bill date of 
age clutch 
completion 
Mean egg Beta 0.249 0.211 ---- 
volume F 6.8** 4.9** ns ns ns ns 
Significance values associated with F-ratios (d. f. 2,98) 
A total of33% of the cumulative variance was explained. 
(c) 1985 
Dependent 
variable 
Independent variables 
Female weight wing tarsus bill date of 
age clutch 
completion 
! lean egg Beta 0.441 ---0.337 - 
volume F 6.74* no na no 3.9* no 
Signifiance values associated with F-ratios (d. f. 2,23) 
A total of 64% of the cumulative variance was explained. 
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Results tabulated in 2.18 (a-c) examine the relationship between 
mean egg volume and female age, size and date of clutch completion. 
In 1983 the oldest, heaviest, long winged females, which laid 
later in the season, produced eggs of the largest mean egg volume. 
In 1984 the oldest, heaviest females produced the eggs of greatest 
v_: lume. 
Finally, in 1985, the oldest females with the longest bill produced 
the eggs of largest mean volume. Thus in all years the eggs of greatest 
mean volume were produced by the older birds. These results are as 
ouVlined in the bivariate regression analysis. 
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DISCUSSION 
The data exhibited in Figures 5,6 and 7 outline the temporal 
distribution of nesting times of experienced and inexperienced birds 
(controls and unrings). Firstly, there is a bimodal frequency of the 
number of birds caught over the whole season. Secondly, in each year 
the number of control birds outnumber 'unrings' and ringed first year 
birds. Finally, the effects of the tides, described in Chapter 1 and 
in the results section of this Chapter, show how laying time is 
related to tidal cycle. 
In 1984 tidal flooding was minimal (peak tide 9.6 m on 15 May) 
and the timing of laying for all birds was unaffected by flooding. 
As a result of this and because flooding greatly altered the timing of 
breeding (many nests were wholly or at least partially destroyed), the 
data from 1983 and 1985 are considered to be less useful. Clearly in 
1983 and 1985 the temporal breeding distribution, and consequently 
timing of breeding of birds of different age groups, has been affected 
by the loss of nests. 
Before discussing the results in detail, I should like to make one 
important point. Over the three years the number of controls caught 
from nests of known date of clutch completion ranged from 145-154 birds. 
The number of 'unrings' caught from nests of known date of clutch 
completion was 90,113 and 50 birds in years 1983,1984 and 1985 
respectively. Clearly, whilst the number of controls caught remained 
constant, the number of 'unrings' caught 
dropped dramatically in 1985. 
Table 1.17 (Chapter 1) indicates that the total number of birds caught, 
and nests found, were also well down 
in 1985. Thus in 1985 recruitment 
was down, reflected in the laxer number of 
birds caught and fewer nests 
later in the year. The reasams for this drop in recruitment and lack of 
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nests in the latter part of the season can only be guessed at. Winter 
weather conditions were the worst for man:: years. In particular, at its 
worst, many south of England coastal sites were frozen, as were beaches 
in S. W. England and even parts of the coast of France. As a result of 
this, many feeding grounds were frozen and no longer suitable for 
Redshank. 
Mortality for this period was very high (Davidson & Clark 1985). 
It is well documented that young Redshank move further south to 
overwinter than do older birds (Hale 1973; Cramp & Simmons 1983). 
In those areas which are normally favoured, feeding grounds were almost 
completely unsuitable. I would therefore suggest that it is likely 
that young Redshank and less experienced birds would have suffered 
greater mortality during this period than more experienced birds. In 
addition to this, it is probable that raptors such as the Peregrine 
Falco ueregrinus would have a greatly increased energy requirement due 
to the very cold conditions. Under such conditions raptors could cause 
very high mortality to wintering waders 
(Whitfield 1985). 
The drop in the number of unringed birds found nesting on the 
marsh can therefore at least partially be explained in terms of an 
increase in winter mortality brought about by a very cold spell of weather. 
The more experienced birds would be less affected as they ought to be 
more able to compete for limited feeding sites. It is known that some 
Redshank do defend feeding territories overwinter, but whether these are 
very experienced birds is not actually known (Goss-Custard 1977; 
Goss-Custard et a1 1984). 
Another possibility is that some birds have chosen not to breed 
in 1985, There is absolutely no evidence to support this, but it is 
]mown that some waders, such as Dunlin, Knot Calidris canutus and 
Black-tailed Godwits Limosa limosa do not breed in every year (Prater 1981). 
These may be young, old or sick birds. 
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In 1983 and 1984 older experienced Redshank were more likely 
to begin nesting earlier than inexperienced birds. Experienced birds 
generally arrive back on the breeding grounds first and mate first. 
loung birds tend to arrive on the breeding ground later in the season 
and have to seek out a mate. In the case of older birds which remain 
faithful, presumably breeding can begin slightly earlier as both birds 
have experience of each other and of their breeding ground. For 
similar findings in other species see Ashkenazie & Safriel 1979b; 
Grotto et 1985; Hilden & Vuolanto 1972; Maxson & Oring 1980; 
Miller 1979 6,1983x; Oring & Lank 1982; Oring et al 1983; Reynolds 1984; 
Soikkeli 1967 and Thompson et a1986. 
In 2-985 there was no apparent association between bird age and 
timing of la; ýing. any birds appeared to delay breeding until the 
latter half of the season. This may have been as a result of the slow 
growth rate of vegetation which is necessary to conceal nests. 
Betare discussing Tabulated results in detail, I should like to 
make clear the situation concerning 'unrings'. In 1983,1984 and 1985 
the percentage of 'unrings' caught thc-.. t were first years were 21% 
(a slight underestimate), 27% and 40 IN'. The'remainder of these birds 
were greater than 1-year old. The majority of 'unrings' not aged as 
first-years may be birds breeding for the first time as second years. 
obviously some 'unrings' t. ould simply have been missed from previous 
years, but calculations based on the chick returning data suggest a 
proportion of birds bred for the first time as two-year olds. Indeed, 
Grosskopf (1970) suggested that most start breeding at two years of age. 
The results in Tables 2.4 (a, b, c) highlight several points. 
Female wing length correlates with female age; thus as a female gets 
older the wing length gets longer. 
This probably only applies to the 
first two or three years of life. Toung birds have heavily abraded 
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primaries and secondaries as well as abraded coverts and scapulars. 
The abrasion is so extensive that wings are measurably shorter just 
prior to a moult. Juvenile Redshank do not moult their primaries 
until the following autumn when they are just over 1 year old. Adult 
Redshank moult primaries in the autumn. Thus, in the spring, a first 
year Redshank's primaries are older than an adult Redshank's primaries 
and thus are more heavily abraded, making the wings shorter. 
The variable nature of weight as a measured parameter is well 
known. In particular, weight has been found to fluctuate widely 
throughout the incubation period (see fiercer 1966; Ka as & Byrkjedal 
1984). The exact cause of this variability is unknown. One possibility 
is that weight is directly related to amount eaten and, more 
importantly, to the time when food was last taken. If a bird was 
caught 1 hour or 4 hours after feeding then the weight would vary 
accordingly. Equally, the time taken to return to the nest could be 
important, especially if birds feed prior to return. Finally, climatic 
conditions which affect availability of food could presumably affect 
the actual daily weight of an individual. Weight does fluctuate and 
as a consequence the use of weight as an indict. -tor of size and ade is 
only of limited use. Bill, tarsus, and to some extent wing length, 
remain relatively constant throughout the season. Wings do show some 
degree of shortening as the season progresses, due to feather wear. 
Tables 2.5,2. E and 2.7 present the results fron a series of 
correlation analysis. The first and a most important point is there was 
a highly significant relationship between male and female age. Thus 
male and female tend to mate with birds of similar age. Similar results 
of age association have been found in Dunlin (Soikkeli 1967); Redshank 
(Grosskopf 1970; Tates, unpubl. thesis 19821 and Kittiwake (Coulson 1966). 
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The relationship between date of clutch completion and male and 
female age are at first somewhat confusing. A much closer look reveals 
that the trend observed in Figures 5., 6 &7 are in fact endorsed. In 
1983 both male and female age show a negative but non-significant 
relationship with date of clutch completion. Thus, older birds tended 
to nest earlier but this was not significant. Many older birds did not 
nest until later in the season. These may have been birds that waited 
until suitable habitat was available. In other cases, older birds may 
have nested but lost their nests. The problem is that many of the biros 
that re-laid were not found nesting first time round and, as a result, 
the date of first clutch completion was recorded later than should have 
been. Therefore, older birds, possibly nesting early in the season, 
were recorded as laying later in the season for the first time. 
In 1985 the main problem was the fact that a large number of birds 
were recorded as laying for the first time later in the season. The 
first wave of laying was very small, the general impression being that 
many birds delayed breeding until later in the season. Some flooding 
did occur and a large majority of the first nests were lost, but the 
main point here is that many of the older birds apparently delayed 
breeding. In the early part of the season the vegetation was short and 
newts were very easy to find; it was felt that very few nests were 
missed and that the overall drop in the number of nests found was very 
real. The reasons for the possible drop in breeding numbers and delay 
in breeding have already been mentioned (namely adverse winter 
conditions resulting in increased winter mortality of birds and slow 
rate of vegetation growth). Certainly 
there is no doubt that Redshank 
mortality was greatly increased over the winter of 1984-85 (Davidson & 
Clark 1985). The effect of winter conditions in a bird's breeding 
condition is more difficult to determine without detailed physiological 
examination. 
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The 1984 results were least affected by tidal rhythm and as 
such represent a realistic pattern of laying times of birds of different 
age groups. In 1984 the significant negative correlations between male 
and female age with dale of clutch completion are truly representative, 
and because of this the data set was further used to examine the 
relationship between egg size and female age and egg size anddate of 
clutch completion (see later). 
The major points of interest are that there is a significant 
negative correlation between female weight and date of clutch completion 
in 1984. Thus heavier females nested earlier in the season. 
Interestingly, in 1984 female age did not correlate with female weight; 
this result therefore suggests that early nesting birds were in better 
condition. 
In all years older more experienced birds produced significantly 
larger eggs. Thus, in 1984, older birds tended to nest earlier, producing 
larger eggs than young birds which nested later in the season. Presumably 
experienced birds arrived back first, knew the best feeding areas, were 
more attractive to a Date, and as a result were able to find a mate and 
prepare for egg laying cuicker than inexperienced birds. 
The relationship between female age and female size with egg 
measurements is a very interesting one and has been discovered in several 
other studies: Byrkjedal & KAläs 1985; Coulson & White 1958; Coulson 
1963; Coulson & Horobin 1976; Crawford 1980; Kendeigh 1956: E"ii. ller 19794; 
Mills 1979; Moss & Watson 1982; Preston 1958: Rahn et al 1975; 
Ross 1979; Thomas 1983; and Vaisanen It al 1972. Only Yates (unpubl, 
thesis 1982) has recently examined for the possibility of such a 
relationship in a sandpiper. More recently Byrkjedal & Käläs (1985) 
have found such a relationship in the Dotterel Charadrius morinellus and 
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Golden Plover Pluvialis apricaria. In the Greenahank, a negative 
correlation was found between female age and egg weight. Older females 
were laying early but producing lighter eggs than yonger birds laying 
later (Thompson et al 1986). I have found no statistical'evidence 
of age or adult size having an effect on hatch success. For relationship 
between female size and egg size at species level see Appendix 6. 
It is possible that such a relationship may exist, especially if 
unringed birds were compared against birds of all ages. So far the 
only wader study to show that younger birds are less successful is 
that carried out on Semipalmated Sandpipers (Gratto, Cooke & Morrison 
1983) (but see this study, Chapter 3). 
The final correlation analysis to be carried out (Tables 
2.8,2.9 and 2.10) highlights some very interesting points. The 
apparent differences which at first appear confusing are readily 
understandable and do fit an expected trend. In 1983 there were 
significant positive correlations between date of clutch completion 
and egg size. Thus, as the season progressed, the eggs got larger. 
This may be explained by the fact that some older birds delayed 
breeding until later in the season whilst other birds had to relay as 
a result of flooding. Most of those re-laying had not been caught in 
the first wave; as a consequence the impression gained was one of old 
birds laying larger eggs later in the season. Thus the relationship 
between date of clutch completion and egg size arose. 
The data set from 1984 was much better due to the lack of tidal 
flooding. Older birds nested early and young birds later. Older birds 
producealarger eggs and younger birds laid smaller eggs. A negative 
relationship was therefore expected between date of clutch completion 
and egg size. The relationship was 
found to be negative but not 
significant. Further analysis of the data set confirmed both the 
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direction and significance of this relationship (see Table 2.11). 
The analysis showed a greatly increased significant positive correlation 
between female age and egg size and female age and date of clutch 
completion. The relationship was now broken down for first, second, 
third and fourth eggs. In all cases egg volume showed a negative 
correlation with date of clutch complet. on. Thus as the season 
progressed, smaller eggs were being laid. The relationship was 
significant only for the fourth egg which in particular is significantly 
smaller later in the season. 
My overall assessment is as follows: old birds nest early, 
laying large eggs; young birds nest later, laying small eggs; the 
young birds invest loss in the fourth egg as the season progresses. 
Reasons for investing more or less in the fourth egg are reviewed by 
Miller (1; 79 for shorebirds; and for investing less in the last egg 
of Herring Gull by Davis 
(1975) and Parsons (1970,1975). 
Multiple Regression Discussion 
The Multiple Regression analyses were carried out in order to 
determine the strength, direction and degree of relationship between 
a series of independent variables and a 
depend nt variable. Due to 
the very nature of weight as a parameter 
(pun. this Chapter), it is not 
surprising that the results of the 
Multiple correlation analysis 
(Table 2.12) are not consistent. 
When female wing is the dependent variable we see that in all 
three years the best predictor of wing length is age; and in 1984 age 
and weight. Lu. 1984,40% of wing 
length variation can be accounted 
for by female age and weight. Other variations may be genetic, but the 
possibility does exist that 
had age been grouped then more of the 
variation may have been accounted 
for. 
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In the next series of multiple regressions, date of clutch 
completion (dependent variable) was best predicted by male age 
(Negative relationship) and female tarsus and weight (Negative 
relationship). In this case only 35% of the cumulative variance was 
explained. Other factors, such as female age were obviously not as 
important, but had female age been grouped from one year to three 
years then this may not have been so. Once again acertain degree 
of variation in laying time may be due to genetic make up. 
Over the years many wader studies have attempted to find out 
what determines the timing of laying in different species. Those 
factors which determine start of laying at the beginning of each 
season may be different from those factors operating within seasons. 
I have been mainly concerned with Redshank laying times within 
seasons. 
In those studies examining timing of laying, a number of 
different proximate and ultimate factors have been described which 
hagre an effect on the timing of laying. In many waders, timing of 
laying is determined by the age of the birds involved; this is the 
case in Semipalmated Sandpiper (Ashkenazie & Safriel 1979 a); 
the Least Sandpiper (Miller 1983a); the Dunlin (Soikkeli 1967); 
Stilt sandpiper Micropalma himantovus 
(Jehl 1973); Greenshank 
Jethersole-Thompson & Nethersole-Thompson 1979, Thompson et al 1986); 
and Red-necked Phalarope Phalarot)us lobatus (Hildeni & Vuolanto 1972). 
Other studies have indicated that food supply may be linked to 
timing of layingt Galbraith 1985; Harris 1967; Heppleston 1972; 
Hilden 1978; Hilden & Vuolanto 1972; Hogstedt 1974; Holland et al 
1982 and Oring et al 1983. However, in many of these cases 
environmental conditions are stressed as being the major determinont 
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to dictating timing of laying. Several studies, notably 
Byrkjedal (198o), Green et al (1977), Holmes (1972), Nethersole- 
Thompson (1973), Nethersole-Thompson & Nethersole-Thompson (1979), 
Nettleship (1973), Parmelee (1970), Pienkowski (1984b) have indicated 
that timing of snowmelt and thus environmental temperature may be 
very important in determining timing of laying. Finally a number of 
studies have indicated that the timing of laying is such that eggs 
hatch when food is most available for their young (Hilden 1978; 
Holmes 1972; Nettleship 1973,1974; Soikkeli 1967). For a full 
review of factors affecting timing of laying see Appendix 7. 
Clearly a number of different variables from day length to 
individual quality are involved in determining timing of laying. 
Within a season the majority of birds present are exposed to the 
same conditions. Their resultant timing of breeding must therefore 
arise as a result of difference in quality, possibly relating to 
experience of feeding and nesting areas, attractiveness to a mate, 
or genetic factors. 
The final series of multiple regression analysts (Tables 2.15, 
2.16,217 and 2.18) are concerned with discovering the best predictor 
of a female's egg size. In. 1983, mean egg volume was dependant on 
date of clutch completion, female wing, female weight and female age. 
In total 57% of the cumulative variance was explained. The reasons 
for the above have been discussed already, namely older birds laying 
large eggs were forced to lay later in the season, suggesting large 
eggs were laid later in the season. The relationship between egg 
volume and female size and age has also been established. 
In 1984 both female age and weight are the best predictors of 
mean egg volume. These are positive correlations, so large (heavy) 
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older females produce larger eggs. In Greenshanks, older females 
lay earliest but invest less in their clutch (eggs are lighter than 
birds laying later). It would seem that the benefit of early laying 
outweigh the possible disadvantage of producing smaller eggs 
(Thompson et a1986). 
In 1985 female age again proved to be the best predictor of 
egg volume. The only female size parameter which was a good predictor 
of egg volume was female bill length. In every year female age did at 
least partly determine egg volume. Female weight was also important 
to some extent. 
These results highlight the problems that can arise when comparing 
results gathered over several field seasons. Each year is very 
different and to attempt to combine data would be wrong and perhaps 
erroneous. I have outlined the main trends and attempted to interpret 
them in the light of other findings, but accept that there may be 
shortfalls. 
My overall aim was to relate age 
(male and female) and female 
size to date of clutch completion and egg size. The only season this 
could be done properly was 1984 when there was no serious tidal 
flooding. In 1983 and 1985 flooding destroyed the majority of nests 
from the early part of the season; as a consequence the breeding 
pattern was affected. Although flooding could be considered to be a 
'natural' part of the breeding cycle of Redshank, it played no part 
in the thinking of this study as it completely 'fogged' any 
relationships which may have existed. 
Students of wader research, and indeed other groups of birds, must 
therefore try to ensure that the patterns observed are a true 
reflection of what is actually taking place and is not an artefact of 
some natural disaster which has occurred in the population. 
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Chapter 3 
Breeding site tenacity and natal philopatry 
Introduction 
This Chapter outlines the degree of breeding site fidelity, 
breeding dispersal, natal philopatry and natal dispersal exhibited 
in Redshank. If we are to understand wader populations and possible 
effects of reclamation and afforestation on these populations we must 
have a full understanding of fidelity and dispersal, particularly in 
adults. 
In a review, which discussed breeding site fidelity and natal 
p ilopatry, Oring & Lank (1984) addressed the problem in an organised 
manner. In particular the following definitions were advanced. 
Breedin E area fidelity This refers to breeding of adult birds in the 
same location in successive years. I have termed this breeding site 
tenacity. 
Breeding dispersal The dispersal of breeding adults between breeding 
efforts. I have used this term to cover both inter and intra-year 
breeding site movements. 
Natal nhiloaatry This refers to the return and breeding of young 
birds in the same area of their birth 
Natal disnerss1 The dispersal of young birds prior to first breeding. 
In this instance I concentrate on the actual distance moved between 
birth site and first nest site. 
Many ornithologists have attempted to calculate breeding site 
tenacity and breeding dispersal. In particular, researchers have 
calculated that sex differences exist both in site tenacity and in 
dispersal distances. The overall long term aim has been to relate 
dispersal and fidelity to mating systems. Some waders may be 
considered to exhibit low breeding site fidelity, some moderate, and 
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others high breeding site fidelity. Most workers have concentrated 
on actual fidelity rather than breeding site dispersal. An example of 
a species exhibiting low breeding site fidelity is the Dotterel 
(Nethersole-Thompson 1973; Kälaos & Byrkjedal 1984). 
The majority of waders so far studied exhibit a moderate degree 
of breeding- site fidelity. Ringed Plover Charadrius hiaticula exhibit 
moderate site fidelity with no sex differences found (Pienkowski 19840L). 
Mountain Plover C. montanus, Lapwing, Stilt Sandpiper, Common Sandpiper 
and Red-necked Phalarope also exhibit moderate site fidelity (Graul 1975; 
Salbraith 196(b; Jehl 1973; Holland et al 1982 and Hilden & Vuolanto 
1972). 
Some species with high breeding site fidelity show definite sex 
differences in breeding site fidelity. In Oystercatcher the male 
exhibits a greater degree of site fidelity, as do Tbmminck's Stint 
Calidris temminc)ti. Least Sandpiper and Dunlin (Harris 1967; Hilddn 
1979; tiller 19831; Soikkeli 1967). 
A number of birds exhibit a high level of breeding site fidelity 
but so far specific sex differences have not been elucidated; for 
example Golden Plover, Semipalmated Sandpiper, Western Sandpiper, 
Greenshank, Spotted Sandpiper and Turnstone krenaria interores. 
For a full review, including references, see Appendix 7. 
Some waders, notably Greenshank, Golden Plover, Common Sandpiper 
and Dunlin, have a tendency to use the same nest scrape in consecutive 
years. Clearly in these cases the calculation of breeding dispersal 
is easy. No Redshank was found nesting in the same scrape in 
consecutive years on the Ribble. This is almost certainly due to the 
nature of the ealtmarsh habitat rather than to a lesser degree of site 
fidelity. 
The ringing of individual birds is essential to obtain an accurate 
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estimate of breeding site tenacity and dispersal. It was also an 
essential element of this study that both birds at any given nest 
vets captured. Where this was achieved it allowed for the examination 
of affects of mate faithfulness and mate change on breeding site 
dispersal to be determined. 
Analysis of data gathered allowed for the effects of previous 
years nest success on the following years breeding dispersal to be 
examined. This aspect is particularly relevant to our understanding 
of how populations may react when stressed due to a bad run of nesting 
years. Many areas of saltmarsh, wet meadowland, rough pastureland, 
fringe moor/pastureland and blanket bog are now increasingly under 
threat from reclamation, drainage and improvement. In the case of 
the moorlands, so much re-afforestation is now taking place that it 
is difficult to predict what the effects of such schemes may be. 
Undoubtedly some species are now undergoing a general decline. In 
particular Redshank, Lapwing and Golden Plover appear to be badly 
affected by changes in land use (Sharrock 1976). Almost certainly 
Greenshank, Dunlin and perhaps Common Sandpiper will also decline as 
the effects of large scale blanket afforestation take their toll 
(N. C. C. publ. 1986; Tompkins 1986). Apart from merely declining, 
many populations of birds may be compressed into smaller areas of less 
suitable quality. Such compression could have very interesting effects 
on a given population and may well lead to density dependent factors 
having an effect which perhaps previously did not do so. 
Ideally we require much more basic information on density, 
population fluctuations, nest and fledging success, and the contribution 
of different aged birds to the success of the population. Without such 
base level information it would be very difficult. to assess if a population 
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was remaining stable or was declining. 
The last 10 years have seen an upsurge in the study of breeding 
biology of waders. In particular, some ornithologists are now 
examining breeding populations in habitats of varying quality 
(Fuller 1982; Galbraith 1986; Galbraith et al 1984-; Stroud & 
Reed 1986). Undoubtedly these are exciting times for the student of 
wader biology. Much of the habitat change offers exciting possibilities 
for the closer examination of populations, the role of the individual, 
and density-dependent factors which may possibly radically affect 
breeding success and therefore the balance and distribution of any 
given population. It is however very sad to see the demise of so many 
marginal areas which add so much to the diversity and quality of our 
lives. 
In a very general sense, Redshank and saltmarsh could be considered 
as under threat. Although still relatively abundant in coastal areas, 
Redshank have declined greatly inland, almost certainly due to land 
drainage and improvement (Sharrock 1976). It is therefore important 
that we have the information required to provide future researchers 
with quantified data which may be used as a baseline for further -tudies. 
These may then be compared with data gathered from other populations 
and may be useful as early warning predictions of possible population 
decline. A knowledge of breeding site tenacity and breedin, dispersal 
is essential if we are to compare stable unthreatened populations 
with those that are declining or are being forced into less suitable 
habitats. 
On a more local scale, an attempt has been made in this study to 
determine (s) the level of recruitment taking place and (b) to 
determine where the recruitment is coming from. On the Ribble Marshes 
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the study sanctuary zone is only a fraction (c 25 ) of the entire 
Reserve. The remainder of the Reserve is grazed intensively by 
cattle from April to September. Grazing is known to affect breading 
success of Redshank quite drastically (Yates unpub. thesis 1982). 
The study of natal philopatry and natal dispersal allowed at 
least some thoughts to be formed on the problem of population decline. 
In these times of increasing threat to marginal land such as 
saltmarshes, how big should h protected area be in order that 
populations within will remain unaffected by habitat loss outwith 
a given site? To a-: saver such a broad q-estion, hard facts are 
required on breeding site fidelity, dispersal and natal philrpatry 
and natal dispersal. 
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Results 
Breeding site tenacity 
The return of male and female Redshank to their breeding grounds 
was calculated over the three year period of study. 
Table 3.1 Breeding site fidelity of 
male and female Redshank. 
Years Males 10 Females % Overall 
returned returned return 
1983-84 55/125 44ö 46/125 37% 101/250 40. 
1984-85 55/137 40iä 46/140 3 3% 101/277 3 6.5% 
The 1983-84 data may be further enhanced. In 1985,27 Redshank were 
captured which had last been caught in 1983. These individuals were 
therefore alive and almost certainly present on the study site in 1984. 
Year Male % Female % Overall ro 
returned returned return 
1983-84 71/125 57% 51/125 46% 128/250 51.2% 
The above data are fully discussed later, but the general tendency 
appears to be for males to be either more site faithful or more long 
lived. 
The data were farther examined to test if the difference in 
return rates between males and females were significant. 
Table 3.2 A Chi-scuare analysis to test for t: ze significance 
of sex diffe,: ences in recapture fre ; uency 
Years 1983-84 Recaptured Not recaptured 
Redshý.. nk 84 84 
captured M: _-le 55 70 
in 1983 Female 4C 79 
X2ý1ý = 1.063 nß. 
Years 1984-85 Recaptured NoL recaptured 
Red shank 85 85 
captured Male 55 82 
in 1984 Female 46 94* 
#1 bird recapt-red on a neighbouring marsh 
X2(i) = 1.29 n. s. 
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Therefore, there is no observable difference in frequency of 
return of Tales and females. 
On determinin that there were no sex related differences, a 
series of Chi-square analysis were carried out to test for age-related 
differences in frequency of return. 
Table 3.3 A Chi-square analysis to determine the significance 
of recapture frequency of birds caught as 1 year 
olds and birds caught which were more than 1 year old. 
Recaptured Not recaptured 
84 84- 
Redshank 1 yr 4 19 
captured in Age 
1983 >1 yr 97 130 
x2(1) = ý. 57p40.05 
Therefore in t: 7is case age at capture is related to the chance 
of recapture in the following year. Thus a first year Redshank is 
less likely to be recaptured the following year than an older bird 
(see Discussion and later for possible effect of age on breeding 
dispersal). 
Recaptured Not recaptured 
86' 85 
Redshank 1 yr 9 28 
captured in Age 
1984 >1 yr 92 148* 
#1 bird recaptured on a neighbouring marsh 
X2 (1) = ä. 11y., n. s. 
This result is tending towards but is not quite significant. 
The non-significant result suggests that there may be annual 
fluctuations in differential return frequencies (see Discussion). 
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Table 3.4 A Chi-square analysis to test for differences 
in return frequency between first year Redshank 
caught for the first time and older unringed 
birds caught for the first time. 
Recaptured 
84 
Unringed Redshank 1 yr 3 
captured in Age 
1983 71 yr 18 
X2(1) ý 1.42, n. s. 
Recaptured 
85 
Unringed Redshank 1 yr 8 
captured in Age 
1984 71 yr 24 
*1 bird recaptured on a neighbouring marsh 
2 0.34, n. s. x (1) 
Not recaptured 
84 
17 
56 
Not recaptured 
85 
24 
61* 
In both Tables there is no observable difference in return 
rates of unringed Redshank ringed as one or greater than one year old, 
This result suggests that a Redshank unringed on capture is just as 
likely to return if it was ringed as, a one year old or was older. 
Table 3.5 A Chi-square analysis to test for the differenc 
in return frequency between controls (caught in 
previous years) and unrings never caught oefor 
Recaptured Not recaptured 
84- 
Birds Control 80 76 
captured Status 
in 1; 83 Unrings 21 73 
X2ý1ý = %R. " pI0.001 
Recaptured Not recaptured 
85 
Birds Control 69 91 
captured Status 
in 1984 Unrings 32 85* 
bird recaptured on a neighbouring marsh * 
x2 ý1ý = 6.59º p/, o. os 
A bird which has been caught in previous years is more likely 
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to be recaptured than a Redshank captured breeding for the first time. 
This has important implications in that it may suggest that older 
birds are more site faithful than younger birds which have only bred 
once before (see Discussion). 
Table 3.6 Breeding site fidelity in Redshank and relationshi 
with local breeding ex erience and breeding succes 
in the previous year 1; 83-1985 . 
- 
females returning jo to breed 
Tears All birds Successful Unsuccessful 
breeding breeders breeders 
experience 
1 25 (30) 31 (22) 17 (8) 
2 35 (9) 39 (7) 25 (2) 
3 39 (11) 45 (9) 25 (2) 
7ý4 46 (42) 44 (3z) 53 (10) 
Note: Number in brackets denotes actual number returning 
As Redshank get older they are more likely to return to their 
previous breeding grounds (rs =1.0,9, (-o-015 n"=ti. ). Therefore, an 
individuals age does at least partly determine whether it will return 
to breed in future years. 
Breeding success also has a significant effect on breeding 
site tenacity. A chi-square analysis indicated that the percentage 
of successful birds returning differed significantly from the 
percentage of unsuccessful birds which returned. Birds which are 
successful appear more likely to return and breed in following 
years (x2(3) a 8.41, p( 0.05)" 
Table 3.7 The breeding success of female Redshank of 
different experience captured in 1983,1984 
Age (Previous years breeding experience) 
123 
Total successful* 72 18 20 72 
Total failed 48 88 19 
% successful 60 69.2 71.4 79.1 
Hatched at least one egg 
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As a female Redshank gets older she is more likely to hatch 
at least one of her eggs than is a younger less experienced 
individual (r5=1"cý, P<c. o5 n=4 ). A bird's experience therefore 
appears to be a good indicator of its breeding potential. 
Adult experience has not been related to chick rearing potential 
as too little data have been gathered. This relationship, though not 
studied, may be more me;: n ingful than the relationship examined above. 
Breeding site dispersal 
Breeding Redshank have been monitored moving fror, one nest site 
to the next, both between and within seasons. On one occasion a 
female is thought have had three nests in one year (this bird was 
caught at two nests and suspected of having a third). This was strongly 
suspected due to (a) timing between nests; (b) position of nests; and 
(c) egg colouration. More usually, when a nest is lost the birds 
replace the nest or brood only once. 
A total of 31 pairs which were monitored produced a second clutch. 
In the event of losing a nest four possibilities arise: (1) the birds 
leave the breeding grounds; (1) pair tries again; and (3) pair splits 
up and (a) male tries to nest again with a new mate or (b) fen, -le tries 
to nest again with a new mate. 
Success of this fieldwork depended on catching both birds at 
first and repeat nests. For the above 31 nests two adults were caught 
at every nest and therefore one could realiably say that (a) pair 
remained faithful or (b) pair split up. 
Ata further 33 nests both birds were not caught and therefore the 
data could not be reliably used. Obviously, in some cases, the pair 
would have remained faithful but some would also almost certainly have 
split up. 
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Table 3.8 Intra seasonal breeding site dispersal 
of Redshank (1983-1985). 
Faithful Male with Female with 
pairs new mate new mate 
(n) 18 8 5 
Men distance moved (m) 71.3 98.1 723 
Median 54 98 578 
S. E. Me -. n 19.9 26.3 225 
Max. dist. moved (m) 400 246 1580 
Mir. dist. moved (m) 20 19 279 
Because of the small sample size and non-normal data distribution, 
the above data have been analysed using non-parametric statistical tests. 
Analyses were conducted using the Minitab sz. atistical package 
(Ryan, Joiner & Ryan 1976). Results from Table 3.8 were compared using 
a Mann-Whitney test which compares the median of two samples. The 
test statistic (w) reflects the relative locations of the two samples. 
where 'W' is larger than the sum of n1(nI+n2+1)/2 we may suspect that 
the first sample has a significantly larger median. irere 'W' is smaller, 
we suspect that the first sample may have a significantly smaller 
median. In the an=. lysis which follows W is printed along with a 
probability value. The probability value indicates the chance of 
predicting sample medians as being different when in fact they are 
the same. For further details see Ryan, Joiner & Ryan (1976). 
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Table 3.9 A Mann-Whitney two sample statistical analysis 
to determine the degree of difference in breed: 
Variables compared W 
Faithful pairs/male with 
new mate 223 
Faithful airs/ 
female with new mate 172 
Male with new mate/ 
female with new mate 36 
Mean W 
(n1(n1+n2+1)/2) Probability 
243 0.28 n. s. 
216 p4 0.001 
56 p/, 0.01 
Note: nl = number of samples in Variable 1 
n2 = number of samples in Variable 2 
Thus from the above analysis the following conclusions may be made. 
(a) If a pair remains faithful then in all probability they will not 
move very far fror: their previous nest site. 
(b) If the pair divorce the female may be expected to move further 
from her previous nest site than does the m, -le. Thus the female moves 
away in search of a new mate whilst the male remains in his old nesting 
site, presumably waiting for an unmated female to appear. Presumably 
males begin to sing intensively at this period in order to obtain a 
mate as quickly as possible. 
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Breeding dispersal of probable pairs 
In these cases, a single bird only was caught at either the first 
or second nests. It was therefore impossible to establish if the 
pair remained the sarge at first and repeat nest. 
Table 3.10 Intra seasonal breeding dispersal exhibited 
by birds of known sex, but unknown pair state 
(1983-1985 
Male Female 
(n) 13 20 
Mean cis-. ante moved (m) 62.4 110.9 
Median 40 38 
S. E. Mean 15.7 39 
Max. dist. moved (m) 214 548 
Min. dist. moved (m) 13 8 
These results reflect trends outlined in Table 3.8. The males 
generally move a shorter distance from their previous nest site 
than do females. The size of the mean distances moved would 
suggest that most were in fact made by faithful pairs (c. f. 
mean movements, Table 3.8)" 
Breeding dispersal between seasons 
As opposed to the within season movements, between season 
movements are of great importance if we are to understand the possible 
effects of site destruction and other sources of habitat loss during 
the breeding and non-breeding season on Redshank breeding biolog,. 
To determine a base scale of movement. between seasons, trapping was 
carried out intensively on the study : area. Additionally, some 
trapping was undertaken on the Old Hollow meadows and also on 
Banks Marsh itself, but off the study sanctuary zone. The aim was 
to attempt to determine how much movement was taking place to and from 
the study area. 
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Data from 1974-85 wore analysed to determine breeding dispersal 
distances between consecutive seasons in faithful pairs, males with 
new mates and females with new mates (see rig. 8). 
I 
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Fig. 8. The breeding dispersal (between years) of faithful 
pairs, males taking a new mate and females taking 
a new mate. 
300 
200 
Breeding 
dispersal 
(m) 
100 
157 
1 Faithful pairs 
2 Male taking a new mate 
3 Female taking a new 
mate 
. e. 
mean 
1ý <1 
Table 3.11 The breeding disaersal of Redsnank between 
consecutive years (data from 1974-1985 
Faithful Male with Female with 
pairs new mate new mate 
(r. ) 219 67 53 
Mean distance 
moved (r-) 119 129 257 
Medien 45 55 118 
S. E. ; dean 19 25 39 
Max. di tance 
moved H 1181 1271 1231 
Min. disklance 
moved 8 5 15 
These data were analysed using Mann-; ihitney non parametric 
statistical tests. 
Table 3.12 A statistical analysis to test for statistical 
differences in dispersal distance between 
faithful pairs males taking new mate and 
female taking new mate (Mann-Whitney test). 
Variables compared W Mean W Probability 
Faithful pair/male taking new mate 12171.5 12706 Pt 0.15 ns 
Faithful pair/fe-gale taking; new 10001.5 11803 p< 0.001 
mate 
Male with new mate/female with new 
mate 3286 4053 P40.001 
These results are exactly as found for the within season 
movements. Therefore, there is no observable difference in breeding 
dispersal between pairs remaining faithful and males which have 
changed partner. Females nesting with a new mate move significantly 
further than faithful pairs and males nesting with a new partner 
(for full details see Discussion). 
Previous analysis in Chapter 1 indicate how nest success in one 
year affected mate fidelity in the following year. It was therefore 
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of particular interest to determine if nesting success or failure 
in one year influenced breeding dispersal the following year. 
As in previous analysis, it was essential that two birds were 
caught at every nest in order that both partners were known. In the 
following year data were only used if birds in question were caught 
with a mate. Where a bird was caught on consecutive years, but its 
Hate was ý-n1mown at cne nest, then these data were not included 
(see Figure 9). 
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Fig. 9 The effect of previous 
years nest success on 
the following years 
breeding dispersal for 
birds of different 
status. 
1-2 Faithful pairs 
500 
3-4 Males with new mate 
5_,; Females with new mate 
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Table 3.13 The effect of previous years nest success on 
following years breeding dis persal 
1974-1985 dato) . 
Faithful Male with Female kith 
pairs new mate new mate 
Success in previous year; SU S U S U 
(n) 74 52 40 26 37 13 
Mean dis:. ance moved (a) 114 123 110 161 165 524 
Median 43 52 56 66 108 4)0 
S. E. Mean 26 30 26 51 26 113 
Max. dist. moved (m) 1181 1115 912 1271 661 1231 
Min. dist. moved (m) 8 10 10 5 20 1: ) 
S=s : ccessful 
U= unsuccessful 
Table 3.14 Statistical analysis to test for the difference 
in dispersal distances between pairs, males 
with neu mates and females with new mates 
which were either successful or unsuccessful 
in the previous year, 
Variables compared 
Successful pairs/unsuccessful pairs 
Successful sale with new mate/ 
unsuccessful male 
Successful female with new mate/ 
W Mean W Probability 
4431 4699 0.185 n. s. 
1257 1340 0.28 n. s. 
unsuccessful female 811 943 PLC-C03 
Therefore, the previous years nesting success has a significant 
effect on, the following years breeding dispersal in females taking a 
new mate. If the female is unsuccessful, she is more likely to move a 
greater distance. This is almost certainly related to the effect of 
success on mate fidelity which in turn may be related to the effect 
of success on overall return rates. 
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Natal philopatry 
in order to calculate natal philopatry accurately it is 
essential to know : 
(a) fledging success 
(b) post-fledging mortality. 
One requires to know what percentage of surviving birds ringed as 
chicks actually return: to their birthplace. The rain problem is 
(a) difficulty in calculating accurately the overall fledging success 
and (b) without knowing fledging success it is impossible to calculate 
the post-fledging survival. 
The most basic calculation of fledging success can be achieved 
by simply calculating what percentage of chicks ringed actuý-. lly return. 
Table 3.15 A comparative analysis of the return frequentes 
of chicks ringed in and out of the nest 
1974-1985 data . 
Ringed in nest 
Year 1974 75 76 77 78 79 80 81 82 83 84 85 
No. ringed 55 48 38 5 73 105 174 147 69 193 477 336 
No. returned 
to breed# 100013233841 
% returned 1.8 0001.4 2.8 1.1 2.0 4.3 4.1 0.8 0.3 
# includes 3 birds caught breeding for the first time in 1986 
Ringed out of nest 
Tear 1974 75 
. 
76 77 78 79 30 eil 82 84 63 
No. ringed 03 9 12 1 42 3 15 0 17 35 49 
No. returned 00 0 0 0 5 010 21 3 
to breed* 
% returned 00 0 0 0 11.9 0 6.7 0 11.8 2.8 6.1 
* includes 3 birds caught breeding for the first time in 1986. 
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Without further analysis several points are very clear. The 
return rate of chicks ringed in the nest is much lower than those 
ringed out of the nest, almost cert-inly due to differential survival; 
older chicks are more likely to survive. Chicks ringed out of the 
nest are o\cler aýdº have a greater survival potential, and 
therefore are more likely to return. The data concerning chicks 
ringed out of the nest can be further broken down. 
Of all the chicks ringed in the nest only a few were ever 
re-captured. These recaptures represent known age at last capture. 
Similarly, chicks captured out of the nest were also so:., etimes re- 
captured. As above, these could be used to represent estimated age 
at last capture. These date. were used to examine the return frequencies 
of chicks of known or estimated age group. 
Table 3.16 The return frequencies of chicks 
frcm known ade groups 
Chicks ringed Chicks ringed in nest and 
in nest captured again prior to 
Not re-captured fledging 
prior to (Age in days at last capture) 
fledging 
1-5 6-10 11-15 16-20 21-25 
1983 171 17 1200 
No. returned 
to breed* 710000 
% returning 4.1 5.9 ---- 
1984 466 50114 
No. returned 
to breed* 200002 
% returning 0.4 ---- 50 
chicks returning from 1984 have one fewer year to return in 
than those from 1983. 
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Table 3.17 The return freouences of chicks of estimated 
age at last capture (chicks just captured 
out of nest. 
1983 
Estimated age 1-5 6-10 11-15 16-40 21-25 26-30 
(in days) of 
chicks of 
unknown origin 
No. of c&ptures 95 1110 
No. returned 
to breed 10 1000 
. returning 
11.1 - 100 --- 
1984 
Estimated age 
(in days) of 
chicks of 
unknown origin 1-5 6-10 11-15 16-20 21-25 26-30 
No. of captures 19 11b53 
No. returned 
to breed* 000001 
% returning ----- 33.3 
# chicks from 1984 have had one fewer year to ret. Arn in than 
those from 1983 
Table 3.18 The overall return freauences of chicks 
of known and estimated age at last capture 
age in days) 1983-1'984 . 
Age (in days) at 
last capture 
known/estimated in Nest 1-5 6-10 11-15 16-20 21-25 26-30 
No. of captures 637 50 758 10 3 
No. returned to 
breed 9201021 
% returning 1.4 4.0 - 20.0 - 20.0 33.3 
The breakdown of results indicate that chicks captured at an 
older age have a greater chance of returning the following year. Data 
gathered on return frequencies in 1986 have been added to this analysis. 
If one considers that post fledging mortality also would occur, and that 
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some birds may only breed in their second year, then natal 
philopatry would appear to be very strong, (see Discussion). 
Chicks ringed in 1985 have only had one season withiii which they 
could have been re-captured; consequently the return rates are very 
low. It is noteworthy th:. t the four chicks which were re-captured 
(1 found dead on the breeding grounds) had all been handled at a late 
stage of development. Of 22 chicks handled, which were known or 
estimated to be between 21-25 days old, 2 were subsequently found 
breeding in their first year (9.1J. In addition, two chicks were 
re-captured (albeit one found dead) on the breeding ,, rounds fron a 
total of 4 chicks known to be between 26-30 days at last capture. 
Thus, 50% had returned to their approximate site of birth. Younger 
chicks are less likely to survive than older chicks and thus are less 
likely to be re-captured as breeding birds. 
Table 3.19 The sex of Redshank ringed as chicks which 
have returned to breed on the Marsh 
Ace cf return 
1 
2 
3 
>3 
Frequency of returns 
. ale Female 
88 
65 
12 
21 
In both males and females the Majority of those retwrned (62;, ) 
have ret, rned to breed as one and two year olds. Birds breeding for 
the first time at two y:: ars of -: ge or pore may presum bl; have bred 
previously, but not been c-ptured. On the basis of clicks retul-iied to 
breed, there is no 6ifference in return frequency between male and 
females. However, if there is a difference in pre and post fledging 
mortality of the sexes, then :_ difference in return frequency of sexes 
could exist. 
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Table 3.20 The frequency of known first year : aale 
and female Redshank breeding in the 
three seasons of study, 
First year birds breeding 
]rear Males Females 
1983 9 14 
1984 16 21 
1985 8 20 
Note: Birds were aged according; to criteria laid 
down in Methods. 
In 1983,19,84 and 1985 a further 74,85 and 36 unrin6ed birds 
respectively were captured fro-. nests. It is felt that many of taese 
birds may have been second year birds breeding for the first time. 
The results fron Tables 3.19 and 3.20 appear somewhat 
conflicting. From Table 3.19 it appears that one year old males 
and females are just as likely to breed as 2 year olds. From 
Table 3.20 data suggest that more females breed as 1 year olds. 
This latter finding is not significant (Mann-Whitney U Test 
Z=1.53, p=0.06). Therefore, there appears to be no difference 
__n the number of male and female Redshank breeding as one year olds. 
Are of bree: in in relation to hatch date 
Table 3.21 The timing of breeding in Young Redshank 
data for birds of 1 and 2 years old 
Chices re-caught 
breeding: ade 
at first attempt 
(years 
1 
2 
Redshank breeding ; dean date 
which were ringed of hatch* 
as chicks 
16 69 
u 62.4 
I4ean date 
of first 
breeding 
43.5 
46.1 
* days from 31 March 
Birds hatching later in the season appear to be more likely to 
begin breeding as two year olds. 
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Table 3.21 The relationship between : date of hatch 
and date of first breeding in Redshank 
of known sex, breeding as -I year olds ( all ringed as chicks). 
Birds found breeding as 1 year old Mean date of Mean date of 
hatch first breeding 
No. of males 8 69.4 52.4 
No. of females 8 69.4 34.6 
Dates from Tables 3.. 0 and 3.21 are from 1974-1984. 
The trend of first year males breeding later than first year 
females was further enhanced by examining the dates of clutch 
completion of first year Redshank caught in 1984/85. 
Table 3.22 The mean date of clutch completion of 
first year male and female Redshank. 
No. of birds 
captured 
Males 24 
Females 40 
Mean date of 
clutch completion 
(days from 31 March) 
43.6 
37.9 
These data are supportive of data from Table 3.21. Possibly in 
some years the variation-in dates of clutch completion is much more 
narked (for possible reasons see Discussion)* In the above 'sable we 
have no idea of the origin of the birds or their date of hatch. 
Nonetheless it is of interest that females should apparently begin to 
breed earlier. 
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Natal dispersal 
The analysis of measurements of natal dispersal are rather crude. 
The sample sizes are very small and the variations rather large. 
One could never be absolutely certain that birds breeding as 2 year 
olds had not bred the previous year. 
Chicks which were ringed out of the nest were normally from an 
unknown nest site. iahen these chicks were caught in the sanctuary area 
it is likely that they had hatched from an unfound nest. Therefore., 
if these returned to breed (9 returned to breed) an estimate of natal 
dispersal could not be calculated. Estimating natal dispersal from 
nest site of chick o site of first breeding : day not be valid as many 
broods may move over a large area. Perhaps it is just as valid to 
note if a first time breeder has returned to the. site where it was 
reared (see Discussion). 
Table 3.23 The natal dispersal of Redshank from the 
site of birtn to the site of first breeding 
he at Dispersal distances from site 
first of birth to site of first breeding (m) 
breeding 
(years) 
Males Females 
1 271,364,686,821,1076 274,314,492,551,771,874,879 
2 50,357,379,620,1692 89,638,1055 
3 578,877 
73 5800* (ringed marshside) 
DiSuersa1 range 50-1692 89-1055 
(n) 10 10 
Mean 631.5 593.5 
Median 499.5 594.5 
s. d. 476.1 307.9 
S. E. ! em 151 97 
Note: Data taken from birds breeding at one or two years of age. 
There was no significant detectable difference in the dispersal 
distances of male and female Redshank breeding as one or two year olds. 
168 
Several interesting natal dispersal movements were recorded. 
The movement of 5.8 km involved a female which was ringed as a nestling 
of a brood of two. This bird was ringed in 1973, found breeding in 
May 1977, and was subsequently re-caught in every breeding season 
except 1985. 
Another bird, ringed as a very old (29-30 days) chick in July 1984 
returned to breed in May of the following year. This bird was ringed 
well out of the study sanctuary zone and subsequently returned in the 
very he. rt of the study area (movement c 1.9 km). In this case the site 
of exact birth is completely unknown. 
Two Redshank ringed as chicks moved from Old Hollow meadows to 
the sanctuary zone. These were recorded as natal dispersal distances 
of 1.076 km and 1.69 km. Movements have therefore been recorded of 
birds moving from breeding sites off the plot to sites on the plot. 
Clearly such movements could occur more commonly. However, as the 
majority of chicks off the plot are unringed the true figure of 
movemen'v onto the plot cannot be calculated. 
Only one chick ringed on the plot has been found nesting as a 
one-year old off the study sanctuary area 
(movement c 270m). This law 
number is due to the low trapping effort off the plot. In 1985 
12 Redshank were caught to the east of the sanctuary zone; one of 
these birds had been ringed as a chick in 1984 on the plot. Finally, 
a further eleven birds were caught on Hesketh Outmarsh, a dis, ance of 
1.5 km from the most eastern edge of the sanctuary zone. In this case 
no birds ringed as chicks were caught; 
but one adult, ringed in 1984 
on the plot, was caught. 
Many birds nest on the sanctuary areas as first year birds. In 
all years (1983-85) only a small proportion of these birds had been 
ringed as chicks. (In 1984,13.5% had been ringed as chicks whilst 
in 1985,14.3% had been ringed as chicks). 
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A large number of first year birds are therefore nesting on the 
sanctu. riry area which are of unknown origin. 
During the three years of study, a totsl of 1006 chicks were 
ringed in the nest. In 1983,103 chicks were ringed from a possible 
total of 232 chicks from 190 nests of known clutch size. Thus 83.2; 
of chicks hatched from nests of known clutch size were ringed. In 1984 
186 nests were found of known clutch size. In this case 477 of a maximum 
of 538 chicks were ringed (8 . 7%). In the last ye: _r of study, 336 
chicks weve ringed out of 392 chicks which patched from 157 nests 
of known clutch size. Thus 85. 'x; of all the chicks which hatched from 
nests of known clutch size were ringed. 
In every year, the majority of chicks (at least 830) which hatched 
from nests of known clutch size were rinsed. 
Chicks hatching from nests which were not found were obviously 
less likely to be ringed. However, in every year a number of chicks 
were ringed at varying ages away from their nest site. 
Chicks which returned to breed in thei_" first year as unringed 
birds were therefore less likely to have come froua nests which had been 
found. As there is no real w=_y of knowing what percenz, age of nests are 
unfound'ft is. difficult to. determine how many returning birds hatched 
fron nests which were in the study area but were unfound. 
The actual number of birds breeding as one year olds, which 
were not ringed as chicks, does :: t least sug st that many o' these biros 
have come into the study sanctuary area from other areas. 
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DISCUSSION 
The problems outlined, such as drainage, reclamation and 
afforestation, are now of such a nature that many areas of scientific 
interest have been lost or irreversibly damaged. The very fact that 
such areas have been lost, and that more areas will be lost, is a 
11ý. +º0l, 
shameful reflection on our Conservation bodes and Society as a whole. 
All too often attention has been ri htly drawnto the reclamation of 
a mudflat, or to the damage of a wader wintering- ground by some form 
of pollution. Unfortunately, attention to wader breeding grounds has 
not until recently been so dramatic, resulting in a loss of heathland, 
wetland, : -: oorland and even upland plateaux. Although many of these 
areas are aesthetically important t}iey are perhaps not deemed 
scientifically important. Consequently, little attention is gained 
when another acre is drained and cultivated. While this may be 
an acceptable face of compromise conservation, it no real place 
in conservation which is rationally thought out and sensibly 
implemented. 
How will our birds, and waders in pardicular, be able to cope 
with such habitat loss? Unfortunately we can only make reasoned 
guesses. While areas are being lost the plight of the waders becomes 
more desperate. It is possible that they will not survive under such 
a ferocious attack on their breedin grounds. Certainly at a local 
level populations of waders have shown marked declines. 
The Redshank is a declining wader (Sharrock 1976). Many areas 
where they formerly nested no longer exist in the same form. As a 
consequence, Redshank have gradually been squeezed out of their 
former inland haunts; now they are r. ore commonly associated with 
SaýcNý 1'483) 
coastal plains. The coastal saltings are also under threat with 
large areas being drained every year. This discussion highlights 
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the results and makes an indication of what may happen to Redsha? 3c 
populations in future years. 
Both male and female Redshank can be considered to be highly 
site faithful; both show a tendency to return to their former 
breeding grounds (see also Grosskopf 19(, -?, ). When one considers that 
some birds die over the winter months, and that some may be present 
on their former breeding grounds but not caught, then it does seem that 
they show a strong tendency to return. Al-thou h the trend is for males 
to show a greater tendency to return, there is no significant difference 
in return rates between males and females. 
A first year Redshank is less likely to return to breed than an 
older Redshank, but a first year Redshank is just as likely to return 
as an unringed bird which is greater than one year old (but may be 
breeding for the first tine). Redshanks which are known to be 
experienced (previous breeders) are more likely to return than 
inexperienced birds ('unrings'). 
Data displayed in Table 3.6 further support these findings, but 
also outline the effects of previous yearns nest success on breeding 
site fidelity. Youn-- (inexperienced) birds are less likely to return 
than older birds; and when successful in previous year older birds 
are more likely to return. When unsuccessful in previous year, young 
birds are less likely to return. Birds of 4-years breeding experience 
or more, actually return at an even higher percentage when unsucccesful 
in previous year than birds which were successful. Cle arlyp as a bird 
gets more experienced, the benefits of returning outweigh the 
disadvantages of returning after nest failure. It should also be 
remembered that success in one year has an effect on mate fidelity the 
following year. For further details see Thompson et a (1987). 
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The breeding dispersal results are very such as predicted for 
the monogamous Redshank (see Greenwood 1--,, 6C and Greenwood & Harvey 1982). 
Male Redshank disperse less between seasons than do female Redshank. 
Pairs remaining faithful disperse the shortest distance. Between year 
results were mirrored in the within year results. Thus mate fidelity 
has an effect on both breeding site fidelity and breeding dispersal. 
Success in one year does have an effect on breeding dispersal. 
If a female is unsuccessful she is more likely to disperse a greater 
iistance th. =, n a male which is unsuccessful. Very similar results 
were found in the Senipalmated Sandpiper (tratto, Morrison & Cooke 1965) 
and the Spcczed Sandpiper (Oring & Lank l9 2,1984). 
To suu., arise, when a pair is successful the birds are more likely 
to remain together and return to the breeding ground. When a pair is 
unsuccessful the partnership is more likely to break up and the female 
to disperse a greater distance than the male. The fact that females 
disperse further probably explains why females are less likely to be 
caught in the same breeding grounds the following year. 
Breeding site fidelity, breeding dispersal, and mate fidelity are 
all very closely related to the birds breeding success. As first year 
birds are less site faithful, it follows that they must be more prone 
to failure :. nd thus divorce. However, I would stress that other, 
so far unidentified factors, may also be involved. 
Reference to Table 3.7 makes quite clear that of all age groups 
of Redshank caught, in both 1983 and 1984, the first year birds were 
most unsuccessful. Therefore, first year females are more likely to 
fail, more likely to divorce, and subsequently more likely to disperse. 
If they do disperse, they are less likely to be re-captured as 
many would leave the study area 
(see Hilden 1979). This result has 
very serious implications for populations of Redshank which may for 
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some reason experience several years of nesting failure. The older 
birds continue to return, even when unsuccessful, but the younger 
inexperienced birds are more likely to disperse and less likely to 
return. A possible end result is a gradual deterioration of breeding 
stock and subsequent abandonment of the area. 
Redshanks are very social birds and seek out the company of their 
own kind. These birds can often be found nesting in a small group 
in an area of wet meadowland or rough pasture in a fraction of the area 
apparently available. It would seem probable that there is a point 
at which a group is no longer attractive to a young bird looking for an 
area in which to settle. 
Recruitment to the Banks Marsh population would appear mainly to 
be from outside the study area. To test this idea, a study of natal 
philopatry and natal dispersal was set up. Before discussing the 
results in detail, it must be remembered that fledging success in the 
study area is thought b be low. Thus overall production of chicks at 
the point, of fledging is low. 
The natal philopatry results are exciting and clearly indicate that 
Redshank exhibit a very high degree of natal philopatry. When one 
considers that post-fledging mortality and uncaught returning bir_isg 
are not accounted for, then I think that Table 3.18 clearly shows that 
Redshank are highly philopatric. This Table also indicates the very 
high degree of pre-fledging mortality that must exist up to 5 days 
of age. after this, mortality is probably greatly reduced as Redshank 
chicks can then begin to partially regulate their own body temperature 
(R. Robertson pers. comm. ), 
There appears to be no sex bias in return ratio of young Redshank, 
as would be predicted for a monogamous, non territorial species (but 
see Greenwood &Barvey 1982). In resource defence polyandrous species 
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such as the Spotted Sandpiper, Oring & Lank (1982) discovered that 
males were more likely to disperse and that females exhibited a 
higher degree of site fidelity. Again this is as expected for the 
breeding system in question (Oring & Lank 1982). 
A large number of Redshank are capable of, and do, breed in 
their first year (but see Grosskopf 1963); but an equally large 
number appear to wait until their second year. The results in 
Table 3.20 appear to indicate that females are more likely to breed 
in their first year than are males. In fact there is no significant 
difference in the age of first breeding in male and female Redshank. 
One major point that determines whether a Redshank will breed 
in its first year appears to be the date on which it was hatched. 
A rudimentary analysis revealed two main points. 
(a) Those which bred for the first time as one year olds hatched 
on average 13 days earlier than those which bred as 2 year olds. 
(b) Females nesting as 1 year olds did so earlier in the season 
than did males nesting as 1 year olds. This worked both for chicks 
of known and unknown origin. It would therefore appear that females 
are either capable of breeding earlier or are more attractive to a 
male. loung males may be less able to compete with older birds and 
are therefore less attractive to unmated females. 
In both Tables the mean dates of clutch completion are later for 
young birds than for older more experienced birds. The separation in 
laying date of old and young birds may be of genetic advantage. As 
older birds are mated and breed early, young birds returning to the 
site of their birth are less likely to mate up with their parents. 
The fact that Redshank breed at very high density means that young 
birds are less likely to encounter their parents. There is a dilution 
effect, with young birds being only a small percentage of the total 
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number of birds present. 
Finally, the urge to return would appear to be very strong, 
suggesting that there are indeed very great benefits to be gained. 
The benefits to older birds are relatively obvious; experience of 
feeding ground, predators, neighbours and an intimate 'knowledge' 
of breeding and chick rearing areas. The benefits to young birds 
are not so readily discernible. Perhaps young birds are able to gain 
some experience of the breeding grounds during the pre and post fledging 
periods. In addition-, young birds may be better adapted to their site 
of birth for genetic reasons. I would suggest that many Sandpipers 
exhibit a high degree of natal philopatry. The problem is that most 
studies have calculated an index of philopatry based on the return of 
chicks ringed in the nest. I have already stressed that pre-fledging 
mortality is very high, thus ensuring that only a small percentage 
would live to return. Had calculations been based on the return of 
chicks which were alive at 1-year old, then I am sure that return rates 
would have been very much higher. Only a very few studies have 
tackled this problem in an organised manner, so our knowledge of nLtal 
philopatry is rather poor (see Soikkeli 19704; Hilden 1979; Oring & Lank 
1982). The degree of natal philopatry exhibited is at least partly 
determined by the breeding system of the species concerned. In highly 
territorial species, such as the Greenshank and Golden Plover,. young 
birds may be prevented from entering the population (Nethersole-Thompson 
& Nethersole-Thompson 1979; Parr 1979,1980). In less territorial 
species young birds may be able to squeeze 
into the population even 
at a later date or in a less suitable site. 
loung Redshank often nest 
in peculiar sites such as the bottom or down the sides of ditches; in 
this instant, the nest site is chosen badly as a result of the 
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individuals lack of breeding experience. The overall abundance of 
apparently suitable sites suggests that birds need not nest in these 
areas at all. 
What makes a particular site suitable is often very difficult to 
determine, but the fact is that birds such as üreenshank, Golden Plover 
and Dunlin will often return to the same scrape for two or more years 
despite an 'apparent' abundance of suitable sites. In these cases, 
these sites are presumably more suitable than other surrounding sites 
and therefore offer the occupants an increased chance of being successful. 
The results of natal dispersal are also of particular interest 
when attempting to determine where recruitment comes from. The data 
set is very small and only includes those birds of known origin. There 
is no difference in the dispersal distance of young males and females; 
both move an average of 60C m from site of birth to site of first 
breeding. The longest distance recorded, 5.8 km, shows that some 
Redshank do move a substantial distance. Birds ringed within the 
study area could move out of the area 
(one case recorded) and birds 
ringed out of the study area could move into the study area 
(six cases 
recorded). The bias here is expl<; ined by the fact that some chick 
growth work and thus chick ringing was carried out away from the study 
area. However, only a small amount of adult work took place outside 
the study area and this revealed one known first-year from 12 birds. 
A final point is that chicks may move a great distance after they have 
hatched (see Yates, unpubl. thesis 1982; Thompson 1982); and may 
in fact be returning to the area in which they were reared, rather than 
where they were born. Although this could make a difference in terms 
of which birds return to the actual study area, 
the effect on a 
general philopatry statement are negligble. Thus birds returning to 
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the site of birth or rearing could , enerally be considered to be 
highly philopatric as normally birth and rearing sites are close to 
each other. 
Only a small percentage of first years breeding on the stuuy area 
were actu<11y ringed as chicks. It would therefore appear that 
recruitment is to a large extent coming from outside the study area, 
as in 1983-85 a very large effort u as put into ringing as any chicks 
as possible. The surrounding area is very heavily grazed and 
consequently many nests are lost, but some pairs successfully rear 
chicks to fledging. The actual habitat is very poor, with only short 
grass in most areas. Many Recishanc are forced to nest in small ditches 
and down the side of ditches -., o gain cover. At the same time, the 
vegetation cover in the ungrazed sanctuary is lush, offering many more 
available breeding sites. The chance of nest loss is also reduced due 
to the lack of ; razing pressure. It may be that the sanctuary is a 
more favourable breeding area and as such attracts young birds in their 
first breeding year from other neighbouring areas. As the sanctuary is 
in the centre of the Ribble Marsh complex, it could actually attract a 
large number of birds into the area without them having to move a very 
long distance. In fact, chicks have come to the sanctuary from such 
areas (Old Hollow meadows and Hesketh 
Outmarsh). 
In conclusion, old birds remain faithful to their breeding grounds. 
Young birds are less faithful if they were unsuccessful in the previous 
year. If a divorce occurs as a result of nest failure, the female is 
more likely to disperse a : treater 
distance than the male. young birds 
exhibit a high degree of natal philopatry, 
but birds born in poorer 
nesting areas may move to better grounds when 
they return in later years. 
How then will birds cope with loss and drainage of their breeding 
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grounds? Confronted with such a situation, old birds would hang on 
until they could physically no longer nest in their breeding ground. 
They would then be forced to move to an area where they were unadapted 
in every possible way. This could lead to density dependent 
competition and a possible effect on breeding success. At the worst, 
birds may not be able to enter a population and may be squeezed into 
less favourable fringe and poorer ground. (In the case of the Redshank 
this is probably less likely to happen). This would almost certainly 
lead to a drop in breeding success and a subsecuent decline in 
offspring production. When young birds return anb find their breeding 
grounds gone, movement may result in them nesting in unfavourable 
nesting sites. Failure in this case would be more likely to result 
in the birds leaving the area in search of new ground. These birds 
then lose the chance to become established and may find it difficult 
to enter a population elsewhere, due to the competition fro= older 
birds for males or nest sites. On a larger scale, there viuld be 
less chance of genetic exchange as fewer centres of population would 
exist. As the populations condense 
(this may not happen in some very 
territorial sDedies) they become more susceptible to predation ana more 
vulnerable to the possible effects of land use change. The main point 
would seem to be how much poorer are marginal breeding areas, and can 
birds a-just their breeding systems in order to adapt to these long 
term changes. : i. esearch on marginal land and its use by waders is 
currently being conducted (Galbraith & Furness 1983; Galbraith, 
unpublished 1986 and Galbraith et al 1984). 
As far as the Ribble Redshanks are concerned, there is no sign 
of any population decline. The potential does exist, however, to 
determine: 
(a) the level of nest failure in the grazed area 
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(b) chick production in grazed area 
(c) movements of birds from grazed to ungrazed area (and vice versa). 
This study has established that some of the recruitment to 
the study area is taking place from surrounding marshes. As the study 
area is only a part of the entire Ribble Marsh complex then this is 
perhaps not surprising. The majority of the Ribble Marsh green marsh 
is grazed; as a result of grazing many Redshank lose their nests and 
breed unsuccessfully. Even tizough pairs in the ungrazed marsh are 
probably more succesful, it appears that at least some of the young 
birds entering the study area to breed are fledging from surrounding 
marsh. If this is the case, the population within the sanctuary area 
may be at least partially dependent an birds from surrounding grazed 
marshes. Therefore, breeding success in ungrazed areas ought to be 
assessed in order to determine the number of young birds fledging and 
how faithful these birds are to their birth sites. It is possible that 
birds born on ungrazed areas actually seek out ungrazed areas as these 
are more favourable areas. If this were so, one would expect breeding 
density, breeding success and breeding times to differ between the two 
habitat types. This has not yet been tested. 
If, as suspected, Redshank are moving into the ungrazed area the 
implications for reserve management may be serious. If breeding success 
in the surrounding areas declined, for some reason, the population in the 
sanctuary may go into decline. 
On a mare general level, there is the possibility that some of 
our Nature Reserves may in fact be too small (NCC Publication 1986; 
Tompkins 1986). If this is in fact so, then populations of Dunlin, 
Golden Plover, Greenshank and Redebank, within these Reserves, may go 
into a decline if surrounding areas are damaged. In short, if a 
population cannot be self sustaining within a given area, and surrounding 
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areas are made unsuitable, then it is likely that populations 
of some waders may locally decline or become extinct. Such population 
declines have already been observed in Redshank (Sharrock 1976) and 
are expecLed in several of our upland breeding waders (NCC Publ. 1956; 
Tompkins 1986; Thompson It al 1986). 
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Chapter Q 
The growth and development of Redshank chicks 
Introduction 
The growth and development of sandpiper chicks has been little 
studied. Most researchers have avoided this aspect because it requires 
much time, and successful capture is by no means guaranteed. Many 
ornithologists have claimed that chick capture is near impossible, 
due to the nature of 'normal' wader terrain and also as a result of 
the hiding abilities of the chicks. In the case of Redshank, 
Grosskopf's description of chicks being 'past masters at sneaking 
away' is particularly appropriate (Grosskopf 1958a). 
Grosskopf (1958a) attempted to follow many of the chicks he 
ringed in the nest, with only a moderate degree of success. This work 
on Redshank was followed up by Stiefel and Scheufleur (1984) and their 
results integrated with Grosskopf's study, undertaken on Wangerooge 
Reserve. On the Ribble marshes, both Ashcroft and sates weighed 
and measured chicks of known age; but both studies were greatly 
affected by a small sample size of captured chicks. 
Other wader species have been less intensively studied. The 
Lapwing was studied for several years in the New Forest. A series of 
very interesting results were obtained; in particular, growth rates 
and fledging periods were found to vary enormously between seasons. 
Differences were regarded as being mainly due to weather conditions 
and the effect on food supply (Jackson & Jackson 1975,1980). 
Other studies on growth rate of Lapwing chicks were carried out by 
Fuller (1983) and Redfern (1983). More recently, Galbraith has 
studied growth rates of Lapwings and related the rate of growth to 
female quality and habitat quality (unpubl. 19816). 
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In a study of Common Snipe Gallinago gallinago, Green (1985) 
captured many chicks of known age which were ringed in the nest. The 
results obtained were compared with those of "illiamson (1960), who 
studied Snipe growth after fledging. The combined data set gives a 
good account of Snipe growth from birth to after-fledging. Green 
concentrated on weight and 'bill to feathers' as his measurements. 
Tuck (1972) also published growth curves for Snipe. 
Other studies, such as Lessells (1984) on the Kentish Plover 
Charadrius alexandrinus and Pienkowski (1983,19840 on Ringed Plover 
have also looked closely at chick survival and growth. 
It is noteworthy that there is a close link between studies of 
growth and studies of chick survival. It is hoped that eventually 
measurements of growth rates may be used to predict survival potential 
and perhaps even the potential to return in future years. 
The British Trust for Ornithology has now begun a scheme to study 
differential mortality in wader chicks. The overall aim is to determine 
the return rate of chicks, at different ages. The approach is simple; 
one would expect fewer chicks to survive which were ringed in the nest 
than older chicks ringed out of the nest. Such a project demanded 
that every chick ringed was measured and its age subsequently estim-cted. 
As part of the Ribble study, it was decided that Redshank chicks should 
be captured and measured and growth curves constructed. Using only 
chicks of known age it would then be possible to age chicks of unknown 
age, using Formulae decided upon. 
This technique was employed to 
determine the likelihood (frequency) of return of chicks of different 
age categories 
(see Chapter 3 Natal philopatry). 
For the benefit of this study the overall aim was to determine 
if there was: 
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(a) inter seasonal growth rate variation 
(b) intrat seasonal gro;; th rate varia pion 
(c) inter sibling variation in growth 
(d) differential growth rate of different parts of the chick. 
These aims, if satisfied, would allow for a single age estimating 
Formula to be arrived at. If this could be achieved, subsequent 
calculations of differential survival and natal philopatry would be 
much more straight forward. Part 
(d) was undertaken to determine 
which measurement varied least within and between seasons and also 
between individuals of the same ace. technique requiring only one 
measurement would clearly greatly speed up handling time. The growth 
of feathers in the different body regions was also studied as this may 
also be used as an indicator of age and body condition. 
In chicks of known origin (ringed in nest) the measurements of 
different variables could be related, where possible, to the size of 
the parent, the date of hatch, the size of egg, and also the order of 
hat ch. 
In the majority of cases too few data were gathered to accurately 
determine if such relationships existed. 
Methods 
The method of chick capture would obviously vary between species 
being studied and the study area. Prior to studying Redshank, I had 
a reasonable amount of experience with young waders; in particular 
Lapwing, Dotterel, Golden Plover, Greenshank and Com: on Sandpiper. 
Apart from the Lapwing and Dotterel, which are fairly easy to catch, 
the other species proved very difficult to work on. These three species, 
like Redshank, tended to keep their chicks in wet areas where there was 
an abundance of cover. Normally it was unusual to see chicks running 
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around whilst observations were conducted from 150 m or less. 
Catching Redshank was therefore probably no more difficult. Without 
a basic knowledge of adult behaviour, the task of capturing young 
Redshank out of the nest would be much more difficult. Many hours 
observation were undertaken from different distances, and many searches 
for young birds were made before a pattern began to emerge. 
The first and most important task was to ring as many chicks as 
possible in the nest. This greatly enhanced the chances of catching 
chicks of known age. 
The selection of broods to be watched was very important. By 
sitting down c 150 m (sometimes closer) in the vicinity of broods, 
one could determine where they were. Normally broods were confined to 
some of the many ditches and creeks which dissect the saltmarsh. Once 
a brood locality was known, it was important to decide if an attempt 
should be made to find the chicks. Normally decisions were based on 
ditch size and position in relation to other ditches. If a ditch was 
very wide and deep then the brood was normally left alone. Experience 
was the most important attribute here. By deciding to move to another 
brood, much time was saved rather than attempting a search likely to 
be unsuccessful. 
Where a brood was located on a suitable ditch (the smaller the 
better), the adult (s) were watched to determine the approximate 
position of the brood. When the chicks are small the adult remains 
fairly close to the young (based on evidence of chick position at 
capture to adult position). Once chicks are older the attending 
adults will move the young fairly quickly along 
the ditch. The 
majority of chicks caught were in saltmarsh ditches. Once the brood 
locality was estimated the ditch was rushed. The position of the adult 
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was taken as the centre and searchers went below and above this point 
perhaps by as much as 30 m depending on the width of ditch and on 
the behaviour of the adult. The searchers then worked toward each 
other, searching the ditch slowly and methodically. This was a 
painstaking, messy task but doing it methodically greatly increased 
the chances of a find. Cnce in the ditch every possible hiding 
place was examined. The mud was carefully checked for fresh footprints 
and droppings and also for the presence of waxy flakes from the growing 
feathers. , yhen these were found a search image could be formed for 
larger chicks. When conducted properly, and when assumptions about 
position were correct, chicks were normally found. The ditch was 
always searched to completion, even when one chick was found. 
Experience suggested that chicks continued to move until the 
ditch had been reached. On a very few occasions chicks were spotted 
running as the searchers arrived at the ditch. On fewer occasions 
chicks moved along the ditch in front of the searchers. normally 
chicks hid, presumably under instructions from attending adult (s). 
If chicks were not found after a search, the searchers left the 
ditch and returned to the observation point. From adult behaviour 
and position, it was normally possible to tell if the brood had moved 
or if chicks had been missed. Frequently the adult would perhaps take 
up position on the same ditch, but lower or higher up than ori; inal 
position. When this occurred it normally meant that the ditch had 
been entered too close to the adult and the chicks were on the wrong 
side of the searcher. If the adult returned to the same position as 
before then this was a good indication that the chick (s) were small 
and had been missed. 
The other most common occurrence was for the adult (s) to take 
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a position on a new but nearby ditch. This normally meant that 
(a) chicks had moved from one ditch to another, while or before the 
search was undertaken; 
(b) the adult intended to move the chicks to this ditch; or 
(c) the chicks were somewhere between the two ditches. 
It was normally possible to determine what was happening or going 
to happen. If the adult began to move along the second ditch then one 
could assume that the chicks were already there; this ditch was then 
subjected to similar searching methods as outlined above. If the adult 
began to run around between ditches one could guess that the chick (s) 
were hiding on the top. Experience was again useful in that one could 
determine from the adults voice and level of excitement if the chicks 
were moving. If the chick was spotted (often running ahead of adult) 
it was important to get an exact location. If the second ditch was 
known to be large then it was imperative that the chick was caught 
before it reached the sanctuary of the ditch. : squally, if the ditch 
was known to be small and a good catching ditch, then the chick was 
allowed to reach it before the searchers rushed in. 
When the decision was made to catch the chick on the top, a 
precise location was taken with a telescope of the last spot where the 
chick was seen. The observer directed the searcher to this spot, 
using a 2-way radio. Normally a brief search revealed the chick hiding 
in some vegetation. On occasions, however, the time taken to cover 
100 m, and the nature of the ground, often allowed the chick to run to 
safety. As in the case of catching chicks in ditches, perseverance 
and judgment was highly important. 
It was also found to be possible 
to ease broods along a ditch to positions more suited for capture. 
By sitting on one side of the attending adult the brood could be 
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shepherded into a narrow stretch of ditch, thus making capture 
Hore likely. 
At the time of high tides the ditches filled to varying degrees, 
depending on tidal height. Adults could often be seen leading their 
chicks up the ditches away from the incoming water. Such behaviour 
was always indicative of brood position and often lead to a quicrk find. 
Equally, when the tide was well in, chicks were often forced to move 
into small side ditches or even forced onto the top of the green marsh. 
In such circumstances findin: `; was very much easier as available hiding 
places were fewer in number. Knowledge of Rudshank brood attending 
behaviour, a knowledge of study area, and patience, are all required 
if chicks are to be caught on a regular basis. 
I have outlined the main methods employed for chick capture on the 
Ribble saltmarsh. In other areas different techniques would almost 
certainly be required. 
Results 
The relationship between egg size and female size and egg size 
and chick size (at hatch) has already 
been established (Chapter 2). 
It was strongly suspected that a relationship may exist bdtween 
(a) egg size and chick fledging potential and 
(b) between egg hatch order and chick fledging potential. 
A brief review of the data set indicated that of those chicks of 
known origin, which were known to be alive after five days, the 
relationship between survival and egg size could not be examined. 
To do this, chicks surviving would have been required to have been 
ringed in the nest and have come from an egg of known size. This 
happened on too few occasions. 
The relationship between hatch order and chick survival, however, 
r ay bt examined 
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Table 4.1 The relationship between chick hatch order 
and probability of surviving to at least 
5 days of age. 
Hatch order of chick 
1or2 3or4 
No. of chicks 
captured at 
5-days of age 
or more 20 11 
Note: At all nests, 4 eggs hatched 
A Goodness of fit test indicates that the above is a non-random 
distribution. Chicks hatching first and second are more likely to 
survive to five days or more (X2(1)= 2.61 n. s. ). However, this 
difference is not significant. The main problem is that the sample 
sizes are very small. I would tentatively suggest that earlier 
hatching chicks leave the nest in better condition and are therefore 
more likely to survive. 
As outlined in the Introduction, chicks-of known age were captured 
at various intervals to determine growth rates. 
A total of 1107 chicks were ringed between 1983-1985. Of these, 
104 were captured and ringed once they had left their nest; thus their 
nest and date of hatch was unknown. 
Where possible, chick catching was attempted on broods of known 
origin (unmarked adults could often be identified by plumage, behaviour 
or location). Inevitably, many chicks were captured which were unringed. 
Of the 1003 chicks ringed in the nest, 60 were subsequently 
re-captured a total of 91 times. Therefore, only 
6.0% of all chicks 
ringed in the nest were subsequently caught again. 
Of the 104 chicks captured and ringed out of the nest (origin 
unknown) 28 (27%). were re-caught a 
total of 68 times. Therefore, a 
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total of 88 chicks were caught on a total of 15'9 occasions (other than 
original catch date). 
The increased re-capture rate of chicks ringed out of the nest 
is an indication of differential mortality between nestlings and older 
chicks caught out of the nest (see Chapter 3). 
Growth ? nd development 
At birth, young Redshank are weak and feeble. Within 1 hour of 
hatching the chicks are dry and are moving freely in the nest scrape. 
At the time of leaving the nest the chicks are strong and can run freely. 
At this stage chicks are still dependent on their parents for maintaining 
their body temperature and for protection from predators. As they 
get older, they are able to regulate their own body temperature but 
still depend on adults to warn them of approaching danger. 
Table 4.2 The comparison of chick and adult 
measurements at chick birth 
Weight (g) 
Tarsus (mm) 
Bill to 
feathers (mm) 
Chick measurements Adult female 
in the nest (n) measurements 
15.58 1.2 Jf1),. 134.4 + 8.0 
28.16 f1.2 412 47.6 *2.0 
Chick measureaet 
at birth as 
of adult 
measurement 
(1984 data) 
11.6 
59.1 
12.59 f 0.5 417 41.8 t 2.0 30.1 
At hatch, the tarsus is on average 59'ro of the average female tarsus 
measurements. The weight at hatch and the bill to feathers are much less 
well developed. It must therefore follow that the tarsus grows slower 
as opposed to the bill to feathers and 
the weight. 
The relationship between fledging size and adult size is more 
difficult to calculate. Only a very few chicks have been captured that 
could fly or fly weakly. In particular, chick DN60089 was captured at 
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fledging and was subsequently captured the following year as a breeder. 
This is an ideal case for studying the relationship between fledging 
size and adult size. 
Table 4.3 The relationship between size at fledging 
and size at first breeding (1 year old 
Fledging 1st year of adult 
Redshank Redshank measurements 
(DN60039) (DN60089) at fledging 
Weight (g) 112 128 87.5 
Tarsus (mm) 46 46 100.0 
Bill/feathers (mm) 34 45 75.5 
Bill/pares (mm) 26.5 35 75.7 
Wing (mm) 126 160 78.7 
Tail 53 56 94.6 
During the research, 3 fully fledged (free flying) Redshank were 
captured using mist nets. Catching 
flying juveniles proved more 
difficult than anticipated, but the capture of 3 juveniles was considered 
a success. 
Table 4.4 The relationship between post fledging 
size and adult size . 
Juvenile Estimated Adult of adult 
Redshank (n=3) age Redshank biometrics 
(days) (female) (1985) 
irieight 118.3 j 0.3 45-55 133 t 6.8 83.7 
Tarsus 47,6 f 0.57 47.1 f 1.9 100 
Bill/to 
feathers 41.5 ± 3.5 41.9 ±1.9 99 
Wing 1.3.6-+. 1.5 168 ± 4.0 97.3 
By using mean female adult Redshank, the calculations of % adult 
measurements represent minimum values of 
development, Thus 45-55 days 
after hatching adult measurements 
have been reached for tarsus, bill to 
feathers and wing length. The weight is a minimum of 88% of adult weight. 
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In addition, the adult weights are all for incubating birds. In 
mid-July it is likely that adult weights are different from those of 
breeding pairs. 
Feather development 
Although rather variable, the development of the feathers and the 
loss of down is a useful age indicator. As can be seen from Figure 10 
the emergence of pins, the eruption of the feathers, and full enger-ence 
of the feathers occur after 5,9 and 12 days respectively. Inuividual 
positions on the young Redshank vary in the degree totihich they may be 
used as ageing criterion. In particular, it is of note than an 
experienced person could age young Redshank from the state of feather 
development in the different body regions. This is, however, much 
less accurate than using exact measurements and as such should only be. 
used when accurate ageing is not important (see Figure 10 for 
instructions). 
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I'll , 
Figure 10 Feather Development in Young Redshank 
Instructions for use 
Figure 10 is split ur into three sections. 
Section one is concerned with the emergence of feathers at the 
earliest stage of development in the different body regions. Early 
development is detected by the appearance of 'pins'. The pins are 
small wax covered sheaths which emerge from the oung bird's skin. 
Section two graphically highlights the time at which the feathers 
begin to emerge from the sheaths. When this occurs, the feather 
appears like the end of a small paint brush emerginj from the 
waxy sheath. 
Section three indicates when the feathers have completely 
emerged from their sheaths. The time of complete feather emergence 
differs for the different body regions. 
Body regions are labelled separately. By using a ruler, it 
is possible to deterTine at what age pin emergence, feather eruption 
and coc~ie. e featier development occur in each body region. 
The actual age of each chick examined is on the left hand side 
of the fi:: ure. 
In all sections, the problem of individual variation in feather 
development hi ---hiih. ts the dangers of using feather development as an 
ageing criterion. 
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Chick growth 
Chicks of known and unknown age were captured and measured 
in an attempt to monitor growth throughout the pre-fledging period. 
Primarily, every effort was made to ring chicks in the nest, thus 
enabling re-captured chicks to be aged exactly. Chicks first captured 
out of the nest were only useful in studying change over a given period 
of time. 
Of those chicks ringed in the nest, re-captures were between one and 
six times. Of those chicks captured and ringed away from the nest, 
re-captures ranged fron one to eleven times. 
Figures 11 - 14 present the raw data Plotted out for age versus 
weight, bill to feathers, tarsus and wing measurement. 
Figure 15 presents the mean weights for the age classes of chicks 
re-captured (1-28 days old). 
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Observation of Figure 11 reveals an almost perfect relationship 
between chick weight and chick age. The correlation co-efficient 
calculated (r = 0.97) is highly significant (p4.0.001), indicating 
the very strong relationship that exists. Similarly, correlation 
values of r=0.95 (p<0.001) (age v tarsus) and r=0.96 (p (0.001) 
(age v bill to feathers) are equally of a high significance level. 
These figures suggest that there is little variation in growth rate 
between the chicks measured. 
To determine the relationship between measurements and ade, a 
multiple regression analysis was carried out. In this case both the 
age and measurements were known. However, it was intended that 
measurements could be used to predict age where this was unknown. 
Therefore, age was taken to be dependent variable. The independent 
variables were weight, tarsus and bill to feathers length. 
Table 4.5 Beta values and F-ratios for the relationship 
between chick age and chick weight, tarsus 
and bill to feathers. 
Dependent Independent Variables 
Variable 
Weight Tarsus Bill to feathers 
Chick Beta 0.626 - 0.354 
Age F 29.9*** n. s. 9.5*** 
Significance values associated with F-ratios 
(d. f. 2,74) 
A total of 97`jß of the cumulative variance was 
explained 
Thus, the best predictors of a chick's age are its weight and 
its bill length. 
Further examination of the data set revealed that all parameters 
measured were highly correlated with each other. In addition, the bill 
measurements allowed a comparison of 
the different measuring techniques, 
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thus enabling the relationship between bill tip to feathers, 
tin to rear nares and tip to front nares to be studied. As already 
mentioned, this has stirred considerable interest amongst ringers 
over the last few years. 
Table 4.6 The relationship between the different 
chick parameters measured. 
Pearson's correlation coefficients fir) 
wt. tar. b/f wts. wtf. T Chick 
weight 
Tarsus C. 979*** 
(77) 
Bill to 
feathers 0.974*** 0.975*** 
(79) (77) 
Wing: to 
tip 
sheaths 0.837*** 0.797*** 0.714** 
(14) (14) (14) 
Wing: to 
tip 
feathers 0.938*** 0.892*** 0.856** 
(37) (37) (37) 
Tail 0.930*** 0.871*** 0.888** 
(16) (16) (16) 
n. v. 
n. v. 0.948*** - (16) 
r. J. =rtotlavItk 
All chick parameters measured are highly and significantly 
correlated with each other. In particular, weight, tarsus and bill 
tip to feathers are very highly correlated.. Thus a very s rong 
relationship exists between these three parameters. 
The correlation analysis between the three different bill 
measurements resulted in the following co-efficients. 
B/f B/rn B/fn 
Bill to feathers (B/f) --- 
Bill to rear nares (B/rn) (78) -- 
0.995*** 
Bill to front nares(B/fn) (66) (66) 
0,992*** 0.996*** - 
These correlation co-efficients indicate the very strong 
relationship and the similarity in growth patterns of the young 
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Redshank's bill. 
Growth data were gathered for two main reasons. 
(a) To produce an age estimating For,. oula which could be readily used 
to estimate Redshank age. 
(b) To study the growth and development of young tedshank with an aim 
to determining any differ ential growth tht may occur between broods, 
within broods, within the season and between seasons (see Introduction). 
I shall deal with the ageing technique first. 
As noted from the correlation co-efficients (Figs. 11-14. ) , rill 
chick parameters are highly correlated with chick a, e. ageing could 
therefore have been done b;; using one chick parameter. 
It was felt that by using two chick parameters, the resultant age 
estimate would be more likely to take account of any unsual variants 
and thus would be more accurate. 
With this in : And, a stepwise multiple regression analysis was 
run on age versus Weight, bill to feathers and tarsus. The analysis 
was terminated after weight and bill to feathers were regressed 
because tarsus did not regress significantly. 
The uation arrived at: 
(1) age = C. 165 weight + 0.474 X Bill to feathers - 5.407 (n = 77) 
For age versus a single parameter (weight) the following 
equation was produced. 
(2) age = 0.255 wt + 0.264. 
Using Enuation 1, chicks of known weight and bill nesurerent 
could be aged. 
In many of the chicks re-captured at one day old, only the weight 
was measured. These chicks were therefore excluded from the ageing 
formula as no bill measurements were obtained. 
In the case of Equation 1,97.4% of the cumulative variance is 
203 
explained, which is marginally more than the 97.0% of the 
variance explained in the single parameter regression of age versus 
chick weight. 
The use of tarsus and bill to feathers measurement on their own 
is less noteworthy. In each case only 95% and 96% of the cumulative 
variance is explained. 
gures 16 and 17 are concerned with the second aim of the chick 
growth work. Sample size of chicks handled of known age was very 
small (91 re-captures). To sub-sample this low sample inevitably 
meant that no detailed statistcial analysis could be carried out. 
The cur: -es do, however, strongly indicate general patterns of growth. 
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Growth differences within broods 
In the majority of broods followed up, it was unusual to find 
any more than one surviving chick. In the few cases where more than 
one chick was caught (not necessarily on the same day), the rate of 
-rowth and stage of development could be compared. 
In addition to chicks of known age being compared, chicks of unknown 
age could also be compared. 
Figure 13 suggests that even where more than one chick survives 
within a brood then the growth rates will still remain fairly constant. 
Figures 16 and 17 can be used to observe differences in growth 
between and within seasons and between individuals. 
without detailed analysis of the individual slopes, any conclusions 
=ust be carefully considered before they-are accepted. The following 
statements were considered to be truly representative of chick growth. 
, a) Growth rate is consistent throughout the season 
(mid-May to 
early August). 
b) Growth rate is the same for both years in which detailed work was 
carried out (1984,1985). 
c) Growtr rates are very similar for individual chicks, no matter 
h. t year anti what time of the season they are monitored. Pfote that in 
: is case I an not referring to differences in growth rate throughout 
he fledgin- period of an individual. 
Referring to (a): No further comment can be made as to break up the 
, ala would further reduce the sample size. 
In reference to (b): A simple bivariate regression analysis of 
the 1984 and 1985 growth data allows for the gradients of individual 
parameters to be studied 
(see Figure 19 and Table 4.7). 
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Fig. 19 The annual growth rates in young redshank of weight, 
tarsus and bill tip to feathers as shown by 
regression slopes. Data for year 1984 and 1985 
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Table 4.7 The g radients calculated to represent 
rate of growth: weight, tarsus and 
bill measurements (1983-1985 
Slope of regression 
Chick parameter 1983 (n) 1984 (n) 1985 (n) Overall 
measured (1983-1985) 
Weight 2.98 21 3.5 23 3.79 47 3.49 91 
Tarsus 0.77 11 0.65 19 0.75 47 0.68 77 
Bill to feathers 0.96 12 0.67 20 0.70 47 0.68 '79 
From Table 4.7 it can be seen that the overall regression slopes 
have been affected by the small 1983 sample. The data do show the 
degree of similarity in rate of growth between 1984 and 1985 which could 
be drawn for all chicks of known age and re-captured in both years. 
Growth in both these seasons is similar as supported by Figures 16 and 17. 
The largest degree of variation was found in the growth of 
individuals between broods. Thus, some individuals grew more rapidly 
and achieved a greater size than other individuals did over a given period 
of time (see Figure 11). 
This results section finishes with several observations which are 
relevant to the Discussion which follows. 
Redshank broods do not generally mix. Over the years several 
aggressive encounters have been witnessed between pairs shepherding 
their broods along the same ditch. These encounters were often quite 
violent and often involved both members of each pair. Secondly, an 
adult was observed on a ditch where it was known to have two chicks. 
On searching the ditch only one chick was found. A second adult (not 
attached to the first) on another ditch escorted a chick to the first 
ditch, where the chick joined the first adult. The second adult 
returned to its ditch whilst the first adult 'apparently furious' 
with the straying chick, flipped it over with its beak. Both adult 
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and chick then ran down the edge of ditch one. A further search 
revealed two chicks now in the ditch (both ringed). A search in the 
second ditch revealed a much older chick which had not been previously 
ringed. Both broods were being tended by single adults. This 
demonstrates that birds do have the apparent ability to recognise 
their own chick and do have the ability to sort out a mix up, should 
one arise. 
Chick mortality, although known to occur at a high level, is 
not easily quantified. The most common causes of chick death were 
predation (Kestrels and Herring 
Gulls) and low temperatures leading 
to death by lowering of body temperature. It is likely that many of 
those predated upon were already weakened in some way. A chilled chick 
is feeble and calls persistently, thus attracting predators. Other 
causes of death were hatching death 
(chick died during hatching) 
and crushing by cattle. In total, only a tiny percentage of chicks 
dying were probably ever found. The majority taken by predators were 
almost certainly removed from the study area. 
The summer of 1985 was particularly cold, with June and July 
temperatures below average. It is therefore interesz. ing to record 
that 62.5% of all chicks found dead were in 1985. Many of these 
deaths could, I feel, be attributed to low temperatures and subsequent 
increase in predation. 
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DISCUSSION 
It is difficult to compare these results with others. Apart 
from studies on Redshank, the only others have been on Lapwing, 
Ringed Plover, Kentish Plover and Common Snipe. Therefore, no other 
Tringine Sandpiper has been subjected to a similar study of their young. 
In many ways, Grosskopf Is study of Redshank (1958a, 1963) led the 
way for further study. In the aspect of chick growth, however, the 
study is less intensive and offers no real break-through on wader 
crick growth. In fact the results in this part of Grosskopf's work 
(1958a) conflict more than any other with work carried out on the 
Ribble. 
Grosskopf highlights the problem of chick re-capture and of the 
variable nature of chick weights. Fledging on the Wangerooge was 
considered to occur only between 28-33 days, with the latter length 
suggested as being more normal. This degree of variation is not so 
different from that encountered on the Ribble. The main differences 
concern chick weights. The variation in weight and state of development 
is understandable but the actual weights recorded by Grosskopf are very 
light. For example, 3 chicks at 20 days of age weighed, on average, 
57.6 g (Grosskopf 1958a). On the Ribble, 7 chicks between 19 and 20 
days of age averages 69.6 g. Three chicks on the Wangerooge aged 
25 days averaged 71.3 g (Grosskopf 1958a). A sample of 8 Ribble 
chicks, at 24-25 days of age, averaged 94.5 g. This is a clear and 
very surprising difference. The chicks caught on Wbngerooge Island 
at 26 days of age, or more, were incredibly light and would suggest 
that something was very wrong with these Redshank, presumably 
related to their food supply. 
Another point of interest fromGrosskopf's (1958a) paper concerns 
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weight gain over a period of time. Over a period of 3,5 and 6 days, 
young Redshank gained 1,9 and 6 gms respectively. Similar time 
intervals for Ribble Redshanks give weight gains of 9.5 (average of 
2 cases), 9 and 11 gms (average of 3 cases). It would appear that 
Grosskopf has discovered the tailing off effect which occurs in growth 
rate of chicks as they get older, but the weights at which these 
individuals are beginning to tail off (60,40 and 45 g) are way below 
the weights that the Ribble Redshank reach before they begin to slow 
in rate of growth. 
Gro$skopf's study does agree with this one in that he found the 
growth of siblings to be very similar k'Grosskopf 195903. Here we have 
two studies, carried out in different localities, but on a similar 
habitat type, the results being quite different. In their study of 
Lapwings, Jackson & Jackson (1975,1980) found greatly protracted 
fledging periods and the chicks were lighter as a result of a very hot 
summer which dried up all the feeding places. Weather conditions can 
have an effect on growth rate, mainly by the effect on the food supply. 
Possibly, the 'W'angerooge chicks which seen to have been much lighter 
than the Ribble chicks were affected in a similar manner. 
Young Redshenk reared in captivity had a very similar growth rate 
to Redshank on the Ribble. After 1 week the young birds averaged 
27.5 gms; after 2 weeks 60 gms; after 3 weeks 97 gms; and after 
4 weeks 105 gms (Goss-Custard, Wilkins & Kear 1971). 
At hatching, young Redshank are feeble. Within a few hours the 
chicks are dry and strong and are almost ready to leave the nest. An 
examination of the ratio of chick measurements to adult measurements 
reveals that in one measurement 
(Tarsus length) the chicks are 
particularly well developed at birth. The chicks therefore are 
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born with very well developed legs, which are presumably important 
for movement through vegetation to feeding grounds, and running from 
predators. Shorter-legged individuals may be less quick and may find 
some of the longer vegetation difficult to pass over. I would suggest 
that this may be particularly important when the chicks leave the nest 
as young Redshank have to pass through the deep grass that surrounds 
their nest until they reach the shelter of the feeding grounds. Many 
parents took their broods on long journeys (up to 1 km), but then 
settled in an area. The feeding grounds were normally the interior 
of ditches where movement was much easier. Movement in the ditch was 
still important as often the tide came in very fast, putting chicks in 
danger of drowning. Young Redshank tended to hide in their feeding 
ditch rather than run away. But it is likely that strong legs were 
just as important here as they often hid on the side of deep edges and 
also pushed themselves into tiny cracks and holes half way up the 
ditch edge. 
I conclude that long legs may be important for running through 
grass and debris and that they may also be important for climbing 
steep banks and for pushing a threatened chick into a hiding hole. 
Similar thoughts on the role of a long Tarsus are discussed in 
Kaias (unpubl. thesis 1982) and in Pienkowski (19e3). 
At birth, the bill length is 
just under one-third of the adult bill 
length. Little is known about the feeding patterns of young Redshank 
as most feeding on the Ribble takes place within the confines of a 
ditch. It is probable that initial feeding effort is directed at almost 
anything that moves. This pattern of indiscriminatory pecking has 
been witnessed in young Ringed Plover 
(Pienkowski 1983); and in young 
Lapwing (pers. observation). The main problem here is that pecks may 
be directed at objects so small that no swallowing motions would be 
detected, even if it were successful. 
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If the Redshank egg is a compromise between resources invested 
in the egg, and resources lost from the female, then it would appear 
that the state of development of the chick at hatch ought to be hear 
optimum. With this in mind, one would expect body appendages to be of 
a similar state of development. If the bill was much longer at hatch, 
the directional and manipulative skills would be greatly reduced, 
possibly resulting in a decreased survival potential. One must 
therefore assume that bill length at hatch is the best length for 
catching small prey whilst standing on long legs. The long legs 
themselves are difficult to coordinate and it is not unusual to see a 
small chick tripping and stumbling while attempting to run away. The 
actual growth rates are therefore very different for the different 
appendages. At the time of fledging, the young Redshank has a. near-full 
adult tarsus measurement and tail length. 
The wing length, bill length, and weight, are still only 75-8% 
of the adult measurements. Growth therefore still occurs after fledging 
until the adult measurements are reached. 
Full adult size is reached, for most young birds, probably between 
40-45 days (but see weight and wing length). The fledglings caught in 
this study were of unknown age; these birds were assumed to have 
hatched at the time of the first nests known to hatch. I would 
therefore expect that the predicted ages are slight overestimates. 
Apart from weight, most fledgling measurements were the same as the 
adults. Juveniles do not reach adult weight until much later. 
A study in the south Camargue revealed that juveniles did not reach 
adult weight until November (see Glutz It al 1977). 
the development of feathers in young Redshank was studied in 
considerable detail in 1985. Studies in 1984 indicated that the 
appearance of pins, eruptance of sheaths, and the full emergence of 
feathers may be a useful indicator of age. Feather development begins 
215 
in different body regions at different times. By observing the 
different body rem ons, and scoring for state of development, it was 
possible to study this aspect of development. 
The results indicated that a very arbitftiry ageing could be 
carried out, but this could never be very accurate. There was a 
considerable degree of variation in state of development in any one 
body region. Ageing may be done on this basis, but care should be 
taken when interpreting results. 
The disappearance of down and the-emergence of the tail feathers 
was of particular interest. Every chick caught was completely downy 
until the age of 4.5 days. After this age, pins normally began to 
appear on the flanks and scapulars. Even at fledging the vent and 
lateral rump were often downy and the underside of the wings bald. 
Those areas which were normally covered by feathers of the wings were 
last to be covered in feathers of their own. Feather development takes 
place first in those areas most important for 
(a) insulation (flanks, 
belly, breast and mantle); and (b) flight (wings, tail). The 
development of the tail is particularly late in beginning. This could 
be a mechanism whereby early fledging is delayed as controlled flight 
is impossible without the use of a well developed tail. 
The only wader study to have used feather development in a useful 
manner was that carried out by Lessells on 
the Kentish Plover. In 
this case, brood care was studied in broods of estimated age (the broods 
were aged according to feather development). 
(For further details see 
Lessells 1934). I stress again that I would tend to be wary of such a 
technique as the range in state of feather development is larger for 
chicks of any one age. 
The data on chick growth represent an enormous amount of effort. 
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To some extent the return per unit time spent searching is very low, 
but in an aspect of biology where so little is known, every datuw 
point can be an important contribution to our understanding of wader 
growth patterns. 
The data analysis has been kept simple and the growth curves not 
transformed in any way. Although a log transformation would benefit 
the data, the overall aim has been to (a) highlight difficulties 
associated with wader chick work; (b) gather as large a set of data 
as possible; and (c) to arrive at an easy to use yet relatively 
accurate ace determining formula. 
With the initiation of the B. . 0. 's latest scheme to determine 
wader survival and natal philopatry, many ringers have become involved 
with capturing and measuring young waders. It is important that 
contributing ringers are able to understand and relate to findings 
if their interest is to be maintained. In Chapter 3,1 have outlined 
the lack of knowledge in wader fledging and subsequent confusion in 
determination of natal philopatry. If our knowledge is to be 
increased in these and other aspects it is vital that the enthusiasm 
and diligence of amateur ornithologists is maintained. The over-riding 
need to gather and understand such data has also been described in 
Chapter 3. 
If ringers cannot uncerstand and relate to findings, subsequent 
interest will greatly decrease. I therefore suggest that at this 
stage at least, analysis of chick growth and survival are kept as 
simple and as intelligible as possible. 
The first and most important finding relating to the B. T. O. 
scheme is that both weight and bill measurements are useful ageing 
criteria. Concerning the measurement of 
the bill, three measurements 
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were taken (see Methods). The relationship between the three different 
measurements was such that any one could be reliably used as a 
representative of bill measurement. All bill measurements were made 
using a dividers and 15 cm ruler. The use of dividers in this case 
is considered unnecessary and probably no more accurate. Once again 
the simplicity of measurement would not deter an amateur ornithologist 
from taking measurements of any chicks caught. I would agree with the 
B. T. O. 's choice of age determining measurement (bill to feathers). 
Weight can be difficult to record on very windy days and may be liable 
to fluctuate more on a daily and hourly basis. 
From Figure 15 a very interesting pattern emerges. There is 
a slight drop in weight from birth to 2 days of age, after which 
weight begins to increase. This drop in weight after birth has been 
recorded by Nethersole-Thompson & Ne thersole- Thompson (1979), Redfern (1983), 
Soikkeli (1967) and Yates (unpubl. thesis 1982). Surprisingly, no such 
decline in weight was observed in a study of Lapwing chicks in the 
New Forest (Jackson & Jackson 1980). 
At the end of the developmental period, just prior to fledging, 
the rate of weight increase begins to decrease. Thus the growth curve 
shows a gradual levelling out at the time of fledging. This is as found 
by Green (1985); Stiefel and Scheufler (1981. ); Tuck (1972); and 
Williamson (10.60. ). 
Growth rates of sibling Redshank are considered to be fairly 
constant, as found by Grosskopf 
(1958a) and Yates (unpubl. thesis 1982). 
Presumably, as chicks are reared together in the same ditch, then the 
rate of growth reflects the level of food availability. In ditches 
of poorer quality, the possibility of inter-sibling competition cannot 
be overlooked. It is possible that this is one reason why broods of more 
than one chick are so rarely encountered on the Ribble. 
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The growth curves suggest that rate of growth is the same in the 
early and late part of the season. In the early season there tended to 
be fewer broods (especially in 1983,1985); and presumably less 
competition and agbressive encounter over use of given ditches. Thus 
feeding should have been fairly easy. Environmental temperatures were, 
however, lower in late May and early June, and subsequent heat loss 
would have been greater. The tidal cycle was also such that some 
disturbance of feeding occurred in early June. In the latter half of 
the season environmental temperatures were higher, so heat loss was 
not a problem. The ditches did tend to dry out, however, causing a 
scarcity of the moist areas for preferred feeding. In addition, more 
broods were present at this stage, resulting presumably in more 
competition for favoured feeding ditches. The end result of these, 
and no doubt other unknown factors, was a similar rate of growth throughout 
the season. 
Chick ditches offer shelter (from extremes of hot and cold), 
abundant feeding areas, shelter from predators, and relatively easy 
movement. The vegetation surrounding ditches makes movement slow and 
difficult for the chicks. It is thus not surprising that ditches were 
favoured as feeding grounds. Very large ditches were only rarely used, 
presumably because of the exposure to predators and weather conditions 
and the nature of the very soft substrata which Redshank chicks appeared 
to find difficulty in crossing. 
The growth rates between seasons appear constant. This was 
particularly so for 1984,1985 
(the data set for 1983 was too poor to 
warrant inclusion). This suggests that there was sufficient food in 
both years to allow similar rates of growth. In both years chicks have 
been caught both on and off the study sanctuary area. The quality of 
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the feeding ditches are presumably slightly variable; but as little 
is known about the time spent feeding it is very difficult to determine 
if the achieved growth rate is the result of a constant or variable 
feeding rate between seasons and ditches. What can be said is that some 
Redshank stick to the same ditches, whilst others wander over the marsh 
using several different ditches in which to rear their chicks. Repeated 
catching attempts seemed to move some broods, whereas in other cases 
broods would remain in the same ditch even when being caught regularly. 
One other point concerned the initial movement of broods. A brood 
would often move a long distance 
(1 km), passing many ditches before 
finally settling on one ditch. Those broods often then stuck to the 
chosen ditch until fledging. 
The bivariate regression slopes calculated from the 1984 and 1985 
data set indicate that the rate of growth is more or less constant 
between the two years. The 1985 chicks do, however, appear to have 
started from a smaller size. The mean egg volumes of eggs 1-4 are in 
fact smaller in 1984 than in 1985. In addition, mean chick tarsus 
lengths are significantly smaller in the 1985 nestlings than in the 
1984 chicks. There are no differences in chick weight and bill to 
feather measurements in nestlings from 1984 and 1985. 
This difference in growth rate does seem to be a very real 
difference. Actual reasons are rather obscure. Obviously the fact 
th<t smaller eggs, and thus smaller chicks, were produced in 1984 does 
in some way explain the variation. However there are surely other 
factors involved. 
We do not know if older more experienced birds are more successful 
at the chick-rearing level. 
We do know that in some years Redshank 
take their young to the same areas of the marsh (even the same ditch 
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on some occasions), but it is nöt known how extensive this pattern is. 
Similar brood rearing site fidelity is documented in Greenshanks 
(Nethersole-Thompson & Nethersole-Thompson 1979). 
The difference in growth rates between individuals from different 
broods is interesting but not surprising. I would expect some ditches 
to be of much higher quality than others and as a consequence chicks may 
benefit by satisfying their energy requirements relatively easily. In 
poorer ditches food would be less available and consequently foraging 
time would have to be increased. It is also probable, though not proven, 
that more experienced adults may control their young more efficiently, 
thus allowing for more efficient movement in and to the feeding grounds. 
Another major unknown factor concerns sex differences in growth rate. 
It is possible that the smaller chicks were in fact young males and the 
larger chicks young females. The data set is too small to test this. 
Levels of predation were examined but very few firm conclusions 
can be reached. The mortality observed gave an indication of how death 
occurred, but the levels of death 
that must occur clearly indicate 
that only a tiny fraction of dead chicks are ever recovered. 
In my own opinion, the majority of mortality occurs in the first 
four days. I would suggest that in most cases death is brought about 
by low environmental temperature which brings about a fall in body 
temperature. Of course if the chick is brooded then body temperature 
may be increased. Once they have left the nest the chicks separate out, 
in order to minimise risk of total loss of the brood. Once apart,. 
brooding is more difficult as the chicks have to be drawn in from several 
points. At this very early stage chicks require regular brooding, 
especially when environmental temperature 
is low and when wind and rain 
are prevalent. A lack of brooding at this stage will result in a rapid 
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deterioration of body condition and possible death. 
Chick mortality may also occur when a brood becomes fragmented. 
When an adult is moving a brood rapidly to a ditch (perhaps up to 1 km 
away) there is a possibility that some chicks will get left behind. 
I would suggest that this is a time when brood reduction could occur. 
There are several documented cases of young waders being brooded by 
parents of different pairs. In those cases chicks have apparently been 
left behind and their brooding cries stimulated other birds to brood 
them (see Hakansson 1978; Hilden 1977; Thin 1942). 
The evidence for rapid brood movement at an early stage of life 
is also well documented (see Hale 1955; Nethersole-Thompson & 
Nethersole-Thompson 1979; and Thompson 1982). I therefore conclude 
that mortality arises due to brood movement and fragmentation resulting 
in weaker chicks falling behind, chilling, and becoming feeble. As 
already stated, feeble chicks call persistently, thus attracting 
predators. Some predation of broods would take place as broods move 
across the marsh surface from the sanctuary of one ditch to another. 
At this stage adults are particularly attentive. However, they are 
not as effective at evicting predators as are the Common and Arctic Terns. 
In the presence of Terns, Redshank thus gains as many large Gulls and 
Kestrels are forcibly ejected from the study area. 
The only other major source of chick mortality is flooding. Again 
this is unquantifiable, but the largest tides will certainly be 
responsible for drowning some young 
Redshank, or at the most chilling 
them. When floods occur at night the potential for brood separation, 
and thus chick mortality, is even greater. 
The survival of a young wader to fledging is very much an unknown 
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quantity. If we are to learn more about populations and recruitment, 
then it is vital that all aspects of biology are fully understood. 
Studies of plover chicks have progressed over the last few years; 
but sandpiper studies are sadly lacking, almost certainly due to the 
difficulty of chick capture. The overall aim should be to increase 
our knowledge and understanding of brood survival in order that reasoned 
arguments may be advanced about an area's productivity and general 
importance. Once this aspect of wader biology has been studied in 
greater detail, it may perhaps be possible to estimate productivity 
much more accurately. Where this can be achieved, the implications of 
land use change can be more readily quantified and more meaningful 
conservation measures can be taken to ensure that populations do not 
enter an irreversible decline. 
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Chapter 5 
Redshank survival, mortality and population 
size on the Ribble Marshes 
Introduction 
From its inception in 1973, the Ribble Redshank project set 
out to study several aspects of Redshank biology. One of the main 
aims of this project was to determine how long rtedshank live. 
Other objectives were to determine accurately the population of 
Redshank breeding on Banks Marsh and to attempt to discover what 
limits and regulates the population. 
From the beginning, Redshank were colour ringed with several 
colour rings making each bird individually recognisable. In 1974 
individually numbered metal rings, supplied by the British Trust 
for Ornithology, were placed on all birds captured. The use of 
colour and numbered rings allowed all birds recaptured in subsequent 
years to be individually identified. This formed the basis of the 
capture - recapture study which has continued up to the present date. 
Redshank have therefore been captured, marked and recaptured over a 
period of 14 years. 
In all 14 years, Redshank have been captured on Banks : Marsh. 
Unfortunately, the study area has not been the same in every year 
(due to problems of grazing cattle). The capture - recapture study 
is therefore confined to that area of Banks Marsh where work was 
carried out in every year. This area is known as the Restricted 
Area (see Yates, unpubl. thesis 1982). Yates estimated the study 
2 
area as being 2 km and the restricted area 1.04 km2. The 
restricted area, however, is the area in which most nests are found. 
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All birds first captured and recaptured in the restricted area 
are included in the capture - recapture analysis. Birds which were 
first marked outside or were recaptured out of the restricted area 
are not included in the capture - recapture analysis. 
Since 1973,1156 Redshank have been ringed with B. T. O. metal 
rings. In the years of this study (1983-85) a total of 743 adult 
Redshank were caught, 271 of these being unringed. Where unringed 
birds were caught, these were ringed. Birds caught, which already 
carried a ring, had their number recorded. Thus, at the end of 
each season some birds had been caught for the first time whilst 
others had been caught in previous years. 
Mortality/survival estimates 
The method of Jolly (Jolly 1965) was used to estimate mortality 
and survival. This method requires several marking occasions 
(in this study an occasion =a year) and several chances of recapture. 
Where marked individuals are being considered, only the most recent 
date of capture is included in the analysis. Thus, each marked 
individual in the day i sample contributes only one mark (its most 
recent) to the total number of marked individuals caught on day i. 
The number of marked animals-at risk in the day i population (Mi) 
means the number of marked individuals at risk in this case. 
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A summary of terminology used in Jolly's stochastic model (1965) 
ni = The number of individuals caught in year i. 
mi = The number of narked individuals caught in year i. 
ri = The number of marked individuals released in year i. (In this 
study ri = ni). 
mij = The number of individuals caught in year i which were last 
caught in year J. (e. g. the number of females caught in 1984 
which were last caught in 1981 = 5). 
Y= The number of individuals marked and released on year i and 
caught again in subsequent years. 
zi = The number of individuals marked before year i, not caught on 
year i, but caught in a subsequent year. 
Mi = The number of marked individuals at risk in year i. 
Mi = mi + Zi(ri) 
(Yi) 
Ni = The population size in year i 
Ni = Mi n"+ 1 
(mi+ 1) 
Si = The chance of an individual surviving from year i to year i+1. 
Sl = Mi+i 
Mi- mi+ri 
Where survival is known, the life expectancy can be calculated. 
Life expectancy = -1 where K= survival. loge 
K 
gi = The number of additions to the population between year i and year 
i+1. 
Bi = Ni+1 - StNi 
mi = The proportion of new unmarked birds captured. 
ni 
ni = An estimate of the proportion of the population captured in any 
Ni 
one year. 
For further details on terminology see Jolly (1965) and Began (1979). 
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The raw data from 1975-85 are shown in Tables 5.1 and 5.2. 
For the purposes of this study, males and females have been separated 
thereby allowing a calculation of male and female survival. All 
estimations are shown in Tables 5.3 and 5.4. 
The use of Jolly's method requires that several assumptions are 
adhered to. These assumptions are briefly reviewed. 
=, ssumptions of the Jolly stochastic method (1965) 
For the Jolly method to operate accurately, several assumptions 
must be upheld. Many of the assumptions considered in this section 
have actually been considered in Chapter 3 on breeding site fidelity. 
The first assumption is that all marks were Permanent and noted 
correctly on recapture. 
In this study, rings made of the hard alloy 'monel' were used. 
These rings have been found to show much less wear than the old type, 
softer metal rings. Rings were normally legible even on the oldest 
birds (13 years). In cases where rinds were considered to be showing 
some sign of wear, the ring was replaced. It is probable that where the 
ring is attached to the bird above the knee then ring wear will be 
negligible. 
I know of no case where a ring was discovered to have been mis-read. 
All individuals. whether marked or not . had an ecual chance of being 
ceu ht. 
Because females are less site faithful after a 'divorce', they 
are therefore probably less likely to be recaptured than males. For 
this reason, the survival data ham been separated for both males and 
females (see Chapter 3, Table. )ttand Tables 5.3 and 5.4). Within this 
period of study, all birds marked within the restricted area are 
considered as having an equal chance of recapture. 
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The capturing, handling and marking one or more times of an 
individual had no effect on its subsequent chance of recapture. 
This assumption was upheld by Yates (unpublished thesis 1982), who 
noted that only the early years of the study could be used because 
in these years unringed birds were as likely to be old as they were young. 
In the latter years, unrinded birds caught for the first time were more 
likely to be first years. Thus, in the later years, it proved difficult 
to separate age effects from first marking effects. The analysis of 
Yates (unpublished thesis 1982) indicated that being caught for the 
first time did not affect the chances ý)f recapture sid-nificantly. 
The capturing, handling and m: r'_kina one or more times had no effect 
on an individuals chances of dying or emigrating. 
This could not really be tested, but since all marked individuals 
have been shown to be equivalent, irrespective of the number of 
captures, it is reasonable that this assumption is held (fates, 
unpublished thesis 1982). See also Table 3.4 and analysis in Chapter 3. 
The age of birds did not affect their chance of recapture. 
From Tables 3.3 and 3"G in Chapter 3, it can be seen that young 
inexperienced birds appear to be less likely to be recaptured. In the 
main, I consider that this is because young birds are probably slightly 
less site faithful (see Chapter 3). It would therefore appear that 
this assumption is not upheld. Seber (1973) stated that if survival 
was independent of mý, rk status and probability of capture is independent 
of age, then the Jolly method will not be greatly affected by age- 
dependent mortality. 
Semolina periods were short in relation to the total time. 
The average length of sampling (trapping) period between 1974-81 
was 60.5 days. This is approximately 16.5% of the entire ear and is 
considered as an acceptably small proportion of the total time. 
The assumptions have therefore in the main been upheld. 
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Results 
Table 5.1 The capture - recapture raw data of adult males for 
anal ysis by the method of Jolly (19651 
Year of release of marked Redshank (j) 
Year r n 1974 75 76 77 78 79 80 81 82 83 84 85 
1 
1 i 
Recapture marks M ij 
1974 66 
1975 68 13 
1976 82 6 20 
1977 51 5 9 12 
1978 75 8 6 17 15 
1979 69 1 18 6 21 
1980 96 0 24 3 16 30 
1981 97 1 21 0 7 9 37 
1982 74 1 00 3 '0 2 3 24 
1983 101 0 00 0 1 2 6 18 30 
1984 110 0 00 0 2 2 41 9 44 
1985 75 0 00 0 0 1 01 2 10 44 
- 229 
Table 5.2 The capture - recapture raw data of adult females for 
analysis by the method of Jolly (1965). 
Year of release of marked Redshank (j) 
Year n. ri 1974 75 76 77 78 79 80 81 82 83 84 85 
1 
Recaptured marks M. 
1974 66 
1975 66 7 
1976 68 8 16 
1977 51 6 4 6 
1978 77 5 2 12 17 
1979 64 0 4 3 3 18 
1980 91 3 2 1 3 16 23 
1981 96 0 1 1 0 5 8 31 
1982 67 0 1 0 1 0 0 5 22 
1983 103 0 0 2 0 2 0 4 18 28 
1984 112 2 1 0 0 0 1 3 59 38 
1985 69 0 0 0 0 1 0 0 028 33 
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Table 5.3 The calculation of the male capture - recapture 
data by the method of Jolly (1965). 
Year i n2 I. Z. m1 M. N. S. B1 mi INi m 
n1 
1974 66 35 - 0 0 - 
0.764 - 
1975 68 40 22 13 50.4 248.4 0.27 0.19 
0.914 68.9 
1976 82 42 36 26 96.3 296 0.28 0.32 
0.815 -2.0 
1977 51 27 52 26 124.2 239.2 0.21 0.51 
0.662 1.2 
1978 75 47 33 46 98.7 159.6 0.47 0.61 
0.795 60.1 
1979 69 46 43 37 101.5 187 0.37 0.54 
0.901 39.9 
1960 96 50 34 55 120.3 208.4 0.46 0.57 
0.722 46.3 
191 97 44 27 57 116.5 196.8 0.49 0.59 
0.649 96.4 
1982 74 41 38 33 101.6 224.1 0.33 0.45 
0.688 18.3 
1983 101 54 22 57 98.1 172.5 0.58 0.56 
0.683 53.1 
1984 110 44 14 62 97 170.9 0.64 0.56 
1985 75 - - 58 - - 0.77 
Mean 0.41 0.51 
* Note ni =ri in this study 
Overall S=0.759 
Life expectancy = 3.63 years 
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Table 5.4 The calculation of the female capture - recapture 
data by the method of Jolly (1965). 
Tear i n 1'i Z. mi Mi Ni Si Bi m1/Ni /ni 
1974 66 31 - 0 0 - 0.880 - 
1975 66 31 24 7 58.1 486.6 0.14 0.11 
0.925 -160.2 
1976 68 25 31 24 108.3 289.9 0.23 0.35 
0.663 116.7 
1977 51 24 40 16 101 308.9 0.16 0.31 
0.642 -14.3 
1978 77 42 28 36 87.3 184 0.42 0.47 
0.873 90.4 
1979 64 32 42 28 112 251 0.25 0.44 
0.696 18.7 
1980 91 43 26 48 103 193.4 0.47 0.53 
0.651 70.4 
1981 96 45 23 46 95.1 196.3 0.49 0.48 
0.662 87.6 
1982 67 39 39 29 96 217.6 0.31 0.43 
0.804 28.6 
1983 103 46 24 54 107.7 203.6 0.50 0.52 
0.614 56.4 
1984 112 33 11 59 96.3 181.4 0.62 0.53 
1985 69 - - 44 - - 0.64 
Mean 0.36 0.44 
# Note U. = "ri in this study 
Overall S=C. 741 
Liese expectancy = 3.34 years 
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All birds included in the results in Tables 5.3 and 5.4 were 
captured and recaptured within the restricted zone. 
Tables 5.3 and 5.4 show the calculated estimates of M. Ni Si and 
Bi. In addition, the proportion of new birds and the proportion of 
the population caught annually is estimated. 
In the last three years the number of marked individuals as a 
proportion of all Redshank caught was an average of 0.63 for males 
and 0.56 for females. Thus during the period of this study an annual 
average of 37% of males and 44% of females caught were caught for the 
first time. Over the period that the project has been running, the 
proportion of new birds annually caught has ranged from 36%-89% (for 
females) and 33-81ý. ( for males). 
In each year the proportion of the population captured varied. 
In the last two years it is estimated that 61% of males and 560 of 
females were caught. Overall, 41% of males and 36%o of females were 
caught each year from the existing population. This is not a very good 
average as less than half of the birds present were actually being 
caught. 
Annual estimates of survival from year n to year n-rl are shown 
in Tables 5.3 and 5.4. No estimates of standard error have been 
calculated as the use of these in this context is now questioned. 
Begon (1979) suggests that calculations of standard error should 
only be used with extreme caution. Begon also points out that some 
workers, notably fianly (1971) and Roff 
(1; 73) have stated that the 
estimates of standard error appear to be correlated with estimates 
themselves, thereby giving cause for concern (Begon 1979). 
For these reasons I have rejected the use of s. andard errors but 
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must accept that the population and survival results can onJy be 
used with extreme caution. 
From the tabulated results it can be seen that survival 
fluctuý: tes considerably from one year to the next. This is perhaps not 
surprising as there is considerable differences in winter weather 
conditions between years which may presumably have an effect on 
overwintering levels of mortality. There may also be annual 
fluctuations in the level of breeding season mortality. For example, 
the number of Redsh!: nk found dead during the breeding season has varied 
from one to four over the last four seasons. It is likely th. t a 
fairly high percentage of birds which are killed or die are never 
actually found. Similarly, after the very cold winters of 1981-82 and 
1984-85, six marked ttedshank were recovered dead by members of the 
public. In other winters, when the climate was more favourable, 
fewer or no Redshank were recovered. If one accepts that only a 
proportion (probably small) of dead birds are ever actually found, 
then clearly in some years the level of overwinter mortality may be 
high as highlighted by Davidson and Clark (1985). 
The overall survival calculated for males is C. 759. Thus, 
mortality (1-S) = C. 241. 
The overall survival for females is calculated at 0.741. Thus 
female mortality is 0.259. 
The life expectancy for a male is 3.63 years and for a female 
3.34 years. 
The slight differences in male and female survival and thus 
life expectancy may arise because males are slightly more site 
faithful (see Chapter 3) and because females may suffer a heavier 
rate of mortality during the breeding season (five out of nine Redshank 
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found dead on the breeding grounds in the last four years were 
females). In two cases, females h:; d died/were killed whilst preparing 
to lay eggs. It may be that at egg laying time females are cumbersome 
and lethargic and are therefore more likely to be predated. 
An overall estimate of adult survival = 0.75. Thus the annual 
adult mortality (including birds leaving the study area but still alive) 
is estimated et 0.25 and life expectancy is estimated at 3.48 years. 
No direct estimate of juvenile mortality can be made from this 
study. However at this stage two facts based on this study can be 
advanced: 
(a) Of these birds recovered or controlled away from mainland Britain, 
42% were juveniles, thus supporting the idea of Hale (1973) that 
younger birds -: enerally move 
further south during winter. 
(b) The majority of birds recovered from the south and south-west 
of Europe have been shot. Thus by inference, young birds may be more 
likely to be shot. 
According to Boyd (1962) estimates of juvenile mortality are in 
the range of 1.2 to 2.5 times as 
high as the annual adult mortality. 
For the purposes of this study I shall use the mean given by Boyd of 
1.6 (Boyd 1962). Juvenile mortality is therefore estimated as being 
1.6 times higher than adult mortality. Juvenile mortality is therefore 
estimated as 0.40. Therefore, approximately 
40% of Redshank fledglings 
will die in their first year of 
life. 
populations 
As a result of the capture recapture study, the population of 
Redshank wit:. in the restricted area may be estimated and population 
density calculated. In six out of ten years the female population 
has been estimated as being larger than the population of males. This is 
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probably as a result of the lower breeding site fidelity exhibted 
by females (see Chapter 3). 
Over ten years the male population ranged from 170 birds to 
296 birds. The female population ranged from 181 birds to 487 birds. 
If we accept these population estimates then we can say that the 
number of birds in the restricted area has declined from 735 birds to 
352 birds. This represents a decline over nine years of 0.52 or 
0.058 per annum. 
To remain stable, the population required a recruitment of 
0.25 to valance the loss of breeding birds. As the population was 
declining by 0.058 per annum, then the annual recruitment required 
would be 0.19 (= 0.25 - 0.058). 
This level of annual recruitment would ensure that the population 
would only decline by 5.8% per annum. 
Since 1975, the estimated population of males has fallen from 
248.4 to 170.9 in 1984. This represents a decline of 0.31 or an 
annual decline of 0.03. 
Annual male recruitment = 0.22 (= 0.25 - 0.03). 1 have not 
attempted to estimate the annual recruitment of females oecause I feel 
that the level of breeding site fidelity exhibited is such that an 
accurate estimate could perhaps not be achieved. 
Recruitment in the Banks Marsh populations of Redshank appears 
to be in the region of 19-22% per annum. 
Before advancing further with these findings I must first say that 
the above caculations over simplify a very complex and natural dynamic 
system. Nonetheless, for the benefit of this study the results give a 
workable estimate which may be used further. 
For an estimation of pre-fledging survival, Yates proposed a 
model which accounted for juvenile mortality, the proportion of 
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inexperienced birds in the population and the hatching success of 
experienced and inexperienced adults (Yates, unpublished thesis 1982). 
With certain stipul0ted assumptions it is considered th-t this model 
does give a realistic estimate of juvenile mortality/survival. 
The mean number of chicks surviving to breed per adult = SP 
SP = HPxPFxFY 
HP = the number of chicks hntched per adult 
(Alx P1)+ (A2x P2) 
BP BP 
PF prefledging survival 
Fy = juvenile survival 
Al = the proportion of 'inexperienced' breeding adults. (These are 
first time breeders = recruits). 
A2 = the proportion of 'experienced'breeding birds. (These are birds 
jaiovn to have bred before = controls). 
P1 = the chick production of 'inexperienced' birds 
P2 = the chick production of 'experienced' birds. In this study 
SP = Al. 
In the above, the prefledging success is the only unknown. 
Fy = C. 60 (Boyd 1962) 
A1=0.19-0.22 
A2=0.78-0.81 
P1 (Inexperienced first time breeders) = 0.98 
P2 (Experienced breeders) = 1.29. 
The figures for P1 and P2 have been calculated from the data 
gathered in 1983 and 1984. At any one nest the breeding experience of 
the female was calculated and taken as an index of the experience of 
the pair. Although not technically absolute, this is better than 
summing the years of breeding experience found at any one nest. The 
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figure obtained for the number of eggs hatched per pair was then 
halved to give an estimation of the number of chicks hatched per 
individual. The first two years of this study were sufficiently 
different as to be the best and worst year over the three year period. 
The prefledging survival = SP 
HP Xy 
Where A1= 0.19 and A2 = 0.81 : Where A 0.22 and A2= 0.78 
then PF = 0.26 then PF = 0.30 
Therefore the fledging success varies between 26-30%, depending on the 
level of recruitment that is accepted. 
The level of recruitment accepted has been based on the estimated 
decline of the population. There is, however, a possibility that the 
popula-ýion has not actually declined but in fact has remained relatively 
stable. The observed trend of a decline in population may therefore 
be interpreted as an estimate which is becoming more accurate. A 
review of Appendix 8 shows that the number of nests found within the 
restricted area has ranged from 116 to 173 nests. There is no indication 
of an overall decline. However, it should be stressed that search 
effort may not have been constant between years. This was almost 
certainly true of 1982 when only one person walked the study area 
regularly. In 1985 the lower number of nests was attributed to an 
increased level of overwintering mortality. Mortality was thought to 
have been high during the winter of 1984-85 as a result of severe 
weather conditions (Davidson and Clark 1985). 
The previous estimates of pre-fledging success were based on the 
assumption that the Redshank population in the restricted area 
declined over a number of years. If, for the purposes of estimating 
pre-fledging success, the population is considered to have remained 
stable, then a different estimate may be calculated. ' 
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Where A, is considered to be 0.25 and A2 is 0.75 then PF (pre- 
fledging survival) = 0.34 (34%). 
Thus, even when the population is considered to have remained 
stable, a fledging success of 34% is high enough to maintain numbers. 
All estimates of pre-fledging success (26-34%) are encouragingly 
close to the field estimate of 32% 
These are very interesting results which deserve further discussion. 
Before discussing these in full several problems and assumptions must 
be highlighted. 
(a) The model assumes that juveniles enter the populations from the 
same area from which adults are caught 
(the adult catchment area). The 
results discussed in Chapter 3 indicate that a large percentage of 
chicks which return do so from the adulti catchment area. 
(b) The model assumes that hatch success is the same in all parts 
of the study area from where adults are returning. 
(This was found 
not to be so by Yates 
(unpublished thesis 1982)). 
(c) Juveniles are as likely to move into the study area as they are to 
move out. If the ungrazed marsh is more attractive to site selecting 
Redshank, then juveniles may be more likely to move into the sanctuary 
rather than to move out. 
(d) Although hatch success has been quantified for 'inexperienced' and 
'experienced' birds we do not know if 'inexperienced' birds are less 
successful in aspects of brood care. 
In addition, we do not know if 
chicks are more or less likely to fledge in the grazed and ungrazed marsh. 
I feel that the only real problem with this model concerns the 
estimates of P1 and P2. The higher 
the estimation of P1 and P2 then the 
lower will be the estimate of PF. The main problem here is that if there 
is competition between broods, chick mortality may be density dependent. 
Although I do not think this is likely to occur, some results do at 
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least suggest that chick production may be less when the population 
is at its highest (see Ashcroft, unpublished thesis 1978). 
All these factors make the use of a simple model appear very 
inadequate. However, when these points are all considered it is probable 
that the model gives a reasonable estimate of pre-fledging success. 
This model therefore suggests that the Pre-fledging mortality is in 
the region of 66-74ia. The estimate of mortality from field observations 
was 67.9%. Thus the field based estimated compares favourably with 
the theoretical estimate. 
From both field and theoretical calculations it therefore appears 
that between 26-34% of chicks which hatch actually fledge. For the 
purpose of the following section mortality shall be 70%. 
Of the chicks which fledge, 40ro will die over their first winter 
period. This will leave a stock of 
Redshank which will be recruited 
to their population of origin. Of those birds which enter the population 
some will breed whilst others will not 
breed. The reasons for breeding 
or not breeding in the first year 
have already been discussed in 
Chapter 2. 
From the information on breeding age of birds ringed as chicks 
the following statement can be made. Fifty percent of the chicks which 
returned to breed did so in their 
first year. A further 321" of all these 
returning were caught breeding 
for the first time as two-year olds. 
The remainder of chicks which returned and bred did so in their third 
year. Even if some birds bred 
but were not captured, the data 
suggest that at least some birds 
breed for the first time as two-year 
olds. Indeed Grosskopf 
(1964) suggested that most birds bred for the 
first time as two-year olds. Thus, it would appear that not all young 
Redshank nest in their first year. Of those that breed in their 
second year, the stock would be 
further reduced by a second year of 
overwintering mortality. 240 
In the simplest form, the data may be used to exar: ine the 
level of natal philopatry which exists. 
If the first year of the study is taken (1983), the following 
figures may be advanced. 
Year 1983 CHICKS HATCHED AND 
RINGED IN THE . BEST 
193 
70% prefledging mortality 
57.9 Fledglings 
40% juvenile mortality 
34.7 Survivors at 1 year old 
Proportion breed Proportion breed 
as 1 year old as 2 years old 
At the very simplest level, one can determine that from a 
cohort of 193 chicks, all of the same age, 34.7 could be expected. to 
be alive at one year old (after pre and post fledging mortality). 
Of these chicks, 8 returned to breed and therefore must have survived 
to one year old. Thus a minimum of 23% of these birds likely to have 
survived have returned to breed. As already stated in Chapter 3, 
when the losses from pre and post fledging mortality are taken into 
consideration it would appear that natal philopatry is very high indeed. 
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DISCUSSION 
Many different workers have attempted to assess mortality and 
population size with varying degrees of success. In an early paper, 
Grosskopf examined the mortality and mean age of some waders. In 
particular, ürosskopf reviewed the various methods of assessing mortality 
(Grosskopf 1964). Lacy: (1954) proposed a method by which life expectancy 
and mortality of birds could be estimated based on the number of recoveries 
of ringed birds. For the analysis, Lack used the data from the large 
number of ringing studies which had been undertaken in western Europe. 
This method was later modified by Haldane ; 1955) and used extensively 
by Boyd in a classic paper on mortality in European Charadrii (Boyd 1962). 
In the Boyd method, there are several drawbacks which mean that 
mortality is always overestimated. Some of these problems are briefly 
outlined below. 
(a) Birds recovered dead have often been shot. As already suggested, 
younger inexperienced birds appear more likely to be shot, 
(b) Birds of different status (experienced, inexperienced) may 
overwinter in different regions, thereby affecting their chances of 
mortality and perhaps recovery. 
(c) Ring loss raises the mortality compared with the actual mortality 
rate. Obviously if rings do fall off then rinsed birds are less likely 
to be discovered. This is no longer a problem with the advent of 
more resistant, stron; er, monel rings. 
For the reasons discussed, it was generally considered that 
mortality and thus life expectancy was assessed accurately by the 
Boyd method. 
The second method used to assess mortality is based on the 
frequency of return of marked individuals to a breeding or wintering 
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ground. In this method, a number of individuals are given permanent 
marks. All individuals are captured in a specified area and their 
return Lo the area of marking is monitored over a given period of time. 
In addition, the number of unmarked birds are assessed. 
The data may then be subjected to capture - recapture analysis 
using the nodel considered to be most appropriate. In this case, the 
method of Jolly (19c5) was considered to be best. The Fisher - Ford 
method assumes the survival rate to be both constant and age- 
independent (Fisher. Jord li47). In the case of the Renshank, there 
is evidence to sugöesL that survival, or at least recapture, is not 
age-independent (see Chapter 3, Table 34. The i-; anly and Parr (1968) 
method requires a large ex;. ensive sample for each year. It was 
considered that this could not be 
fulfilled, so the use of Jolly's 
stochastic model was considered to be most suitable. 
As a general condition, all birds 
(males and females; experienced 
and inexperienced) must show a high 
degree of site attachment (either 
breeding or wintering site) to the site in which they are marked. 
Where birds are alive but no longer present on the site of marring 
then mortality is likely to be overestimated. 
The above are the main ways by which annual survival can be 
estimated. 
Estimates of mortality therefore vary depending on the method of 
calculation. Boyd (1962) has estimated 
the annual mortality of 
Redshank based on ringing studies in several European countries. 
The results of his findings are shown in Table 5.5. 
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Table 5.5 Estimates of annual mortality in Redshank 
based on the recovery of ringed birds in 
several European studies . 
Annual mortality (%) Country of ringing study Authority 
41 Great Britain (up to 1958) Boyd (1962) 
32 Sweden (up to 1956) It 
57 Denmark (up to 1956) it 
41 Other European (up to 1953) It 
44 West Germany Grosskopf (1964) 
The mean mortality is 43i. 
From studies carried out on the breeding grounds, Redshank 
mortality has been estimated. The results of these studies are shown 
in fable 5.6. 
Table 5.6 Estimates of Redshank mortality based on 
breeding and passage studies. 
Annual mortality (%) Study area Type of study Authority 
is Anagar, Denmark Passage Boyd (1962) 
25 West Germany Breeding Grosskopf 
(19b4) 
17 N. W. England Breeding Ashcroft 
(1978) 
23 I-ý. W. England Breeding Yates (1982) 
25 I. W. England Breeding Thompson 
(1986) 
In this case, the mean adult ; aortality is estimated as 21.6;,. 
Thus the estimation of Redshank mortality is half the estimated 
mortality calculated from ring recoveries. This would appear to 
highlight the problem of overestimation of mortality'by ring recovery 
methods. 
Some additional mortality estimates were calculated by Boyd 
for some other waders. 
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Table 5.7 Estimates of mortality based on the recovery 
of ringed birds (for selected waders). 
Soecies Mortality Authority 
Calidris alba 44 ± 11.3% Boyd (1962) 
Calidris canutus 32.4 + 3.2% is 
Philomacnus nugnax 47.6 ± 3.6%a ºý 
Gallinaao gallinago 51.9 ± 5.4% 
Limosa laooonica 29.5 ± 7.9 ý ºº 
Numenius Dhaeopus 30.8 ± 9.1% is 
Tringa glareola 46.4 ± 10.2 
The majority of these nortality estimates are very high. For 
reasons already mentioned, mortality is almost certainly overestimated 
in most of the above species. It is therefore apparent that 
estimations of the above type probably represent a maximum level of 
mortality which occurs. 
The results shown in Table 5.8 have been gathered by research 
workers who have concentrated their efforts on one particular species in 
one particular area. In most of these studies, mortality is estimated 
purely cn a percentage returning bird basis. Under these circumstances, 
the most accurate estimate would be achieved after a long term rather 
than short study. Unfortunately it is very often difficult to determine 
the time period over which the mortality estimated has been calculated. 
245 
Table 5.8 Mortality estimates of selected waders based 
on the return of adults to their breedin L, rounds. 
Species Mortality Authority 
Calidris Dusilla 43.2% Gratto, Cooke & Morrison 
(1985) 
Calidris maurl 46.8% Holmes (1971) 
Calidris temminckii 0 19% J. Hilden (1978) 
Calidris minutilla 46% Miller (1983) 
Calidris alDina 25% Soikkeli (1970b) 
Microoalma himantovus 47% Jehl (1973) 
Scolopax rusticola 39% Kalchreuter (1975) 
Limosa limosa 36.9n% Glutz et al (1977) 
Numenius arauata 28 Glutz et al (1977) 
Actitis hvroleucos 19% Holland et al (1982) 
Actitis macularia (female) 31.6% Oring et al (1983) 
Arenaria internres 22.2% Bergman (1946) 
Note: Estimated levels of mortality have not been made for Red- 
necked phalaropes or Grey phalaropes Phalaropus fulicarius. 
These birds exhibit variable but often low breeding site 
fidelity making esti mates based on the frequency of return 
completely worthless . 
From Table 5.8 several points may be highlighted. Firstly, short 
studies such as Gratto, Cooke & Morrison 
(1985), Holmes (1971b)ßJehl (1973) 
and Miller (l983ß have very probably overestimated mortality. In order 
to assess mortality in a breeding study over a short period of time, all 
breeding, birds must be caught, marked and then recaptured over at least 
two seasons. Obviously a more accurate assessment is gained over a 
number of years as this is more likely to account for annual variation in 
survivorship. 
Some of the more detailed long term studies v such as Bergman (1946), 
61 Hilden (1978a), Holland et al. (1980), Oring et a(1983) and Soikkeli 
(1974), are probably good estimates of annual survival. 
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Finally, mortality levels are high in the Common Snipe and 
Woodcock Scolooax rusticola because these are game birds. 
The annual mortality levels found in Redshank as a result of 
breeding studies are comparable with the annual levels estimated in 
some other waders. Hilden's study of Temminck's stints (Hilden 1978 ) 
and Soikkeli's study of Dunlin (Soikkeli 1970b) have both been detailed 
studies which were conducted over a considerable number of years. Sinc e 
the beFinning of Hilden's study in 1963 until the present day, Temminck's 
stint mortality has been estimated between 19 and 24%. As a result of the 
length of the study, Hild6n discovered than an individuals mortality was 
related to its age and sex. In the Dunlin, Soikkeli showed that 
mortality was in the region of 25%. 
In the North American Spotted Sandpiper, Oring et al (1983) 
discovered that female sandpipers exhiolted a greater degree of 
breeding site fidelity than males. Where this occurs, and males are 
erratic in their fidelity, it is difficult to accurately assess annual 
mortality in relation to sex. As a result of their findings, Oring et al 
felt that only female mortality could be accurately estimated (in this 
case female mortality was' 
It 'is therefore of note that breeding site fidelity bust first be 
estimated before annual mortality is estimated. If birds are not 
returning to their breeding grounds research raust determine if tnese 
birds have died or have moved elsewhere to breed. Where birds are found 
to move from one area to another to breed then it is likely that 
mortality could not be accurately estimated from a breeding study. 
An individuals mating systems may be a reasonable predictor of the 
degree of breeding site fidelity likely to be exhibited. In the 
promiscuous, polygynous and polyandrous birds, breeding site fidelity 
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may be very difficult to determine. In the case of polygyny, males 
move throughout a general area attempting to mate with as m=! ny females 
as possible. In the case of the White-rumped Sandpiper, the male never 
incubates so is presumably more difficult to catch tParmelee et al 1-)68). 
In polyandrous birds such as the Phalaropes and the Dotterel, the females 
are constantl, on the move laying clutches of eggs for one or more m: les. 
In this case, females may be difficult to catch therby making estimation 
of mortality very difficult (Nethersole-Thompson 1973; SchaMel & Tracy 1977; 
Reynolds 1984). In lekking species such as Ruff and the Buff-breasted 
Sandpiper Trygnitea subruficollis, males compete for females which do all 
the incubating and care solely for the young. In this sort of mating 
system it is likely that there would be a sex bias in mortality rates 
as it is generally agreed that females are more numerous than males. 
Where males return to the same lek on consecutive years, mortality could 
be estimated but if some birds tend to move around a general area then 
it is likely that male mortality would be overeatimated. 
Finally, a number of birds maintain a monogamous bond in one region 
and are polyandrous in other regions. The sanderling may be monogamous, 
sequentially polyandrous, or may even produce a clutch of eggs for her 
mate and a clutch for herself 
(Parmelee 1970; Pienkowski & Green 1976). 
Under such circumstances it is very 
important to know which mating 
system is generally prevalent in an area 
before accurate estimates of 
mortality can be made. 
In the case of Temminck's stint, Hilden discovered that each male 
mated with two separate females and each 
female mated with two separate 
males (Hilden 1975). In this case, known as successive bigamy, both 
sexes incubate making estimation of mortality more straight forward. 
It would seem that an individuals mating system will be closely 
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related to the degree of breeding site fidelity exhibited and that 
breeding site fi:; elity in the large determines whether mortality may be 
estimated or not in a breeding study. 
The Redshank is generally monogamous, with both birds sharing 
incubation and brood rearing duties. To a large extent, the degree of 
breeding site fidelity is fairly well understood making the estimates 
of mortality an accurate statement. 
The data gathered on population size are therefore probably a good 
index of the real population within the restricted area. If the 
population of males is considered, it is apparent that the population 
fluctu<tes from one year to the next. Such population fluctuations have 
also been observed in Ureenshanks 
(Nethersole-Thompson 1951; Nethersole- 
Thompson & Nethersole-Thompson 1979; Thompson et al 1986). The 
reasons for a fluctuation in numbers from one year to the next are by 
no means certain. 
Some authors have suggested that density dependent competition 
for food, nesting space, or even mates, may regulate bird populations 
over a period of years. In Redshank there was a suggestion that the 
number of chicks hatched may be nejatively relL. ted to the number of \ 
breeding females. 'btihen tested this was found to be non-significant. 
In reality, competition between 
broods was -rarely seen. Even in 
the best year (1984) broods never occupied even half of the available 
feeding ditches. It would also seem highly unlikely that food could 
ever be a limitinL factor to Redshank 
breeding on the Ribble marshes. 
The area of mudflats are extensive, offering a rich supply of food in 
close proximity to the breeding grounds. Although a detailed study of 
the feeding patterns and distribution of Redshank has not been made, 
it is known that at least some. birds use the intertidal flats when 
available. 
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Without detailed experimental work it would also seem to be 
imsossible to say that availability of nest sites could ever limit the 
Redshank population on the Ribble. It is possible that this could occur 
early in the season when the growth of grass is slow, but it is very 
difficult to believe that nesting habitat is limiting later in the 
season when the growth of grass is so rapid. 
It is possible, however, that the lack of nest sites may limit 
the population of Redshank on the grazed marsh. In many areas of the 
grazed marsh the grass remains very short offering no real scope for 
concealing a nest. In those parts of the gr, _zed marsh where nests are 
built, reproductive success may be less as a result of the predation 
of poorly concealed nests. 
Under certain conditions there may be density dependent competition 
for mates and for nest sites. It also seems likely that the spring tides 
are able to act in a density dependent way to reduce reproductive success. 
Redshank select the channel edges to nest on as these are higher and 
drier than much of . he other green marsh. As a result of the drier 
substrata, the covering vegetation grows much faster providing early 
suitable cover for nest sites. Birds arriving later and birds nesting 
later often position their nests away from channel edges. This is 
probably because grass of a certain 
length is most attractive to 
site selecting Redshank. After a period of time the grass on the 
channel edi-es becomes very long and possibly is no longer as attractive 
as grass growing in other areas which are not as dry. 
When i{edshank breeding density is greatest, birds are found 
nesting in almost all suitable areas 
(both on and away from the channel 
edges). At such a time, a high spring tide may flood and destroy all 
those nests found in the lower lying areas of the green marsh. In 
most cases, higher tides destroy more nests because they encroach upon 
more of the saltmarsh. 
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When breeding density is lower, such as at the beginning of 
the season, fever nests (proportionally) are lost to spring tides 
because the majority are positioned on channel edges. The tidal cycle 
is therefore able to reduce reproductive success in a density 
depenc:. ent n: nner. 
In 1,1177 the spring tides were so high that almost all Redshank 
nests found were desLroyed. las a result of the flood water only 17 young 
Redshank ha-zched and were ringed. In 1983 and 1986 two periods of high 
tides destroyed many nests, thereby greatly reducing the final number of 
chicks hatched. In other years the tides were less severe with the result 
tha; potenti%l reproductive success was much getter. 
In those years when reproductive success was very high a large 
number of broods could be present on the marsh at any one time. Where 
this occurred, it is possible that some competition between broodi may 
take place for the best feeding ditches. Therefore, there could be 
density dependent competition for ditches and the food and shelter thLt 
ditches offer. Although aggressive encounters were rarely seen between 
pars with broods, there is still a possibility that this may occur. 
In those years where hatch success was high and many ditches held a broad, 
the weather could exert a density dependent effect in conjunction with 
the tides. When the water level rises broods are forced out of ditches 
onto the top of the marsh, thereby increasing the chances of predation 
and chilling. In the larger ditches 
broods could normally find refuge 
in side channels. Therefore under extreme weather conditions (very hot 
or cold and windy) brood mortality may increase where many brood rearing 
ditches are occupied. 
Population regulation is unlikely to take place on the wintering 
grounds. Winter conditions can, 
however, substantially reduce bird 
numbers such that the number of available breeders is reduced the 
following spring. During the winter period of 1984-5, Redshank mortality 
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was recorded as being higher than normal. Several Ribble Redshank 
and many other Redsh-nk were found dead on the south coast of England. 
Those birds were thought to have died because their food items were 
not accessible (the mudflats had frozen over). (Davidson & Clark 1985). 
In a review of the available shorebird literature, Goss-Custard 
found no direct evidence to suggest that offspring production was 
related to the number of breeding pairs. He does, however, point out 
that the exclusion of some potential breeders by the breeding stock 
could lead to overall chick production being density dependent 
(Goss-Custard 1181). 
In an analysis of 14 years of breeding Greenshank data, Thompson et al 
showed that the population of breeding females was smaller following a 
cold June two years previously (Thompson et al 1986).. The suggestion 
was that weather conditions two years previous reduced the survival of 
chicks an therefore the recruitment to the population in the following 
years. : ". similar finding was shown by Soikkeli in a study of Dunlin 
(Soikkeli 1970b). In this study, Soikkeli showed that the breeding 
density was affected by the number of young Dunlin produced two years 
previously. 
Thompson et al also found that mean fresh clutch weight was 
inversely related to the number of breeding females present on their 
study area (Thompson et al 1986). However, this study also found that 
the number of chicks hatched was directly related to the number of 
breeding females. Unfortunately it could not be tested to see if these 
chicks were less likely to survive. Generally, lighter eggs produce 
smaller chicks which may have less yolk reserve and therefore may be 
less likely to survive. If this were the case, then the density- 
dependent effect on clutch weight could result in a density-dependent 
effect on offspring survival. 
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In a review. Evans and Pienkowski (1984) suggested that shorebirds 
may never reach the utopian levels of the carrying capacity of their 
habitats because adverse weather acts unpredictably to cause mortality 
on the breeding and wintering grounds. To an extent this may hold true 
for some populations but I am inclined to feel that future research will 
increasingly show the importance of density dependent regulation in 
wader populations. 
I should like to finish this chapter by examining breeding density 
and estimt-ting the overall population of Redshank on the Ribble Marshes. 
The restric-; ed area was calculated as 1.04 km2 (Yates, unpublished 
thesis 1982). In 1984 it was estimated that within this area there were 
approximately 175 breeding pairs of Redshank. This gives an overall 
density of approximately 168 pairs per km2. Although not as high as the 
estimate of Yates (unpublished thesis 1982), both estimates clearly 
indicate that Redshank are nesting at very high densities on the 
ungrazed saltmarsh. Grosskopf Is population was approximately 90 pairs 
per 18 hectares. This extrapolates to a population of 500 pairs per 
km2. but of course in a species which nests Semi-colonially in clusters 
or groups it is not valid to extrapolate. This is clearly demonstrated 
when one considers the density of 300 pairs per hectare published by 
Zhmud (1983). In this case I can only assume that the author was 
working on a group of Redshank in a small area. although these birds 
were almost certainly nesting at high density, it is quite apparent that 
the study area was well below one hectare. 
Nestin= densities achieved in moorland and rough pasture are very 
much lower, although on occasion quite large groups (normally 15-20 pairs) 
may be found nesting in a small area of apparently suitable habitat 
(Sharrock 1976). 
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An assessment of the overall Ribble marshes population is 
made all the more difficult because of the lack of information on the 
grazed greenmarsh. From Crossens to Hesketh Outmarsh the area of 
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saltmarsh is estirsted as 8 km. Of this area, 2 km is an ungrrized 
sanctuary. The remainder of the Nature Reserve greenmLrsh is brazed 
by cattle. 
I would estimate that approximately 250 pairs nest in the 
un-razed portion of the Reserve. In the grazed marsh, densities may be 
up to a third less than the more favourable ungrazed areas. I would 
therefore tentatively suggest that there may be 250 pairs of Redshank 
nesting on the grazed greenmarsh. This gives an overall estimite of 
500 p-irs of Redshank within the boundary of the National Nature Reserve. 
It must be stressed that this is a rough estimate. A more accurate 
estim: -te could be obtained if the breeding density of Redshank in 
the grazed marsh was known. 
Saltmarshes, because of the proximity of an abundant food 
source and the luxurious cover of vegetation, are good breeding sites 
for Redshank. In this context it is therefore vitally important that 
as mrny areas of saltmarsh are conserved 
(both large anä small). 
On a n=tional level, saltmarsh is very much a threatened habitat 
with many areas being drained and reclaimed for agricultural development. 
. he RJ bble ? Marshes 
N. N. R., totalling 2302 hectares, is therefore 
site of national importance because of the plant and animal 
communities which have been conserved. 
It is now vitally important that management is undertaken or at 
least the plant communities monitored in order to check that grazing 
(by cattle and wildfowl or non summer grazing (in the study sanctuary) 
is maintaining the vegetation in an ideal condition for breeding birds 
254 
(notably Redshank and Common Terns) and wintering wildfowl. If 
the interests of both the wintering and breeding birds can be 
protected, then the Nature Reserve will be all the more valuable. 
If, as some suggest, lack of grazing in the summer is destroying the 
integrity of the saltmarsh plant community (F. Mawby pers. comm. ) 
then research will have to be undertaken to determine how best this 
problem can be solved. 
The densities of breeding Redshank, Black-headed Gulls and Common 
Terns demand that at least part of this area is managed with these 
species in mind. To manage this area with any other objective would 
almost certainly mean a large scale decline in Redshank breeding numbers 
and the possible loss of what is now a healthy population of Common Terns. 
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APPENDIX 1 (a) 
NEST DATA SHEET 
Nest No ................. 
Ring No. Male........... 
Female......... 
Eggs (laying order) 
Length (mm) 
Breadth (mm) 
Volume (cm3) 
Date & Time 
Date found ................. 1986 
Time ......................... 
Est. stage of Incubation...... 
Contents when found........... 
Clutch ....................... 
Final outcome anddate......... 
..... ............ ............. 
12345 
Nest contents Date & Time Nest contents 
Date hatched .................... 
Incubation period ............... 
Hatching order of eggs 1 
Hatching order of chicks 1 
Ring No. 
2345 
2345 
I 
APPENDIX 1 (b) 
CHICK DATA RECORDING SHEET. 
CHICK BIOMETRICS 1985 
CHICKS RINGED IN NEST 
Nest No ................. 
Date & Time of Ringing 
Ring No. 
Egg & hatch order 
Egg tooth 
Weight 
Tarsus length 
Bill 1. (to ff. ) 
Bill 2. (rear pares) 
Bill 3. (front pares) 
Notes 
Clutch size ............. Brood size........,, 
CHICKS RINGED AWAY FROM NEST 
No. caught (& ringed) 
Date & Time of ringing 
Ring No. 
Est. Age (egg tooth? ) 
Weight 
Tars length 
Bill 1. (to ff. ) 
Bill 2. (rear nares) 
Bill 3. (front nares) 
Wing length (to 
sheaths if present) 
+-L (to ff. tips when 
erupted) & P. Score 
Notes 
CHI CKS RETRAPPED 
Date & Ring No. Posn. Last caught Age Wt, T B1 B2 B3 W1 W2 
Time (+ P. Score) 
2 
APPENDIX 2 
Species 
BIRD DATA SHEET 
Nest No......... 
Date .............. 1986 
Trap No....... 
0.... 
Time .............. 
New. ............... 
Ring i: o............ 
Control............ 
3ex 
.................. 
Age (tic'>) 
First summer ..... """ 
1 year Cid ........ 
Colour Rings 
Left leg Rieht leg 
Removed (tick) 
3iometric 
Wing Tai 
Left Right 
(Col) 
(Stripe) 
(Symbol) 
(Removed) 
141 eIght.................. kC1 
king Left ............. 
(Right............. (mm) 
Tail : To feathers............ (mm) 
Bill ýo feathers ............... 
(mm) to Nares.............. (mm") 
Tarsus Length ................. 
(mm) 
Tarsus : 7idth................... mm) 
Softparts (colour) 
Tarsus............ Bill: Base............ 
Plumage 
Mantle.... 
0.000 .... ... ..... 
Breast.......... ** ........ 
Scapulars Left ............. Right..,..,,. 
Secondaries Left........... Right........, 
Primaries abraded (tick) 
Juv. I. M. Coverts retained (tick) 
Notes- 
3 
APPENDIX 3 
A list of the outcome of all nests indicating 
the main source of nest failure. 
1983 
Marsh nest(s) 
% Field/enclosure nest(s) 
Hatched 78 39.39 5 
Deserted due to trap--ing 19 9.59 - 
eserted 4 2.02 _ 
'1 oo:: ed 71 35.86 
Pre-oted 9 4.54 1 
Adulej/nest failed/ 
colapsed 7 3.53 - 
Not completed 8 4.04 - 
Crushed by cows 2 1.01 2 
Unknown - - 1 
198 9= X07 
Z 1984 
Hatched 166 84.26 2 
Deserted due to trapping 13 6.6 - 
Deserted 2 1.01 _ 
FlooDied 6 3.05 - 
Predated 1 0.51 1 
Addled 1 0.51 - 
Not completed 8 4.06 - 
Crushed by cows - - 4 
197 7= 20,4 
1985 
Hatched 106 64.24 5 
Flooded 26 15.76 - 
Deserted due to trapping 14 8.48 
Deserted 6 3.64 -- 
Predated 1 0.61 3 
Crushed by cows 2 1.21 4 
Collapsed* 5 3.03 - 
Not completed 5 3.03 
165 12 =177 
* collapsed nests due to very heavy rainfall 
4 
AFPENDIi: 4 
n Commrison of the i3reeding Biology of Redshank and Greenshank 
Redshank Greenshank 
Tringa totanus Tringa nebularia 
, '_1¬ biometrics: 
',. eight (g) 
: ling length (mm) 
Bill to Erstherr (mm) 
Tarsus length (mr) 
Fez-1e cio^etric. s: 
Weight (g) 
'ing length (mm) 
Bill to feathers (me) 
Tarsus length (mm) 
Kean clutch 
Fresh egg weight (g) 
Egg length (na) 
rgg breadth (mn) 
Mean clutch weight vs a 
percentage of mean female weight 
Factors affecting timing 
of laying 
126.3 + 6.5 (118) 163.3 + 11.3 (12) 
166.5 + 3.1 (118) 189.5 + 3.7 (10) 
40.6 + 1.9 (118) 53.9 ± 2.1 (10) 
46.9 + 2.0 (118) 60.7 + 2.7 (9) 
134.4 + 8.0 (101) 199 (3) 
169.5 + 4.2 (101) 189.7 + 3.5 (12) 
41.8 + 2.0 (101) 55.8 + 2.5 (11) 
47.6 + 2.0 (101) 60.4 ± 2.0 (11) 
3.82 (533) 3.91 (o) 
22 (80) 31 (171) 
4.501 (101) 5.143 (1C0) 
3.182 (101) 3.480 (1t0) 
62.5 60.9 
(a) Arrival date on (b) r, rrival date on 
breeding ground. breeding Ground. 
(b) Cold spring delays (b) In northern areas, 
start of laying. laying occurs after 
snow has melted. 
(c) In coastal Redshank, (c) Laying occurs 
laying often timed earlier in Scotland 
to begin just after when latter half of 
a sequence-of April and early May 
spring tides. are mild. 
5 
Redshank 
Laying intervals (hours) 
(d) Bird age: older 
birds breed 
earliest. 
(e) Pair fidelity: 
faithful pairs 
nest earlier 
than new p: irs. 
3 (10) 
Incubation Occasionally begins on 
laying of the 3rd egg. 
Clutches of 1 and 2 
eggs have been 
incubated to hatching. 
Incubation period (days) The mean incubation 
period ranged from 
25-26.3 days for three 
field seasons (193). 
Seasonal and annually 
variable. Longer 
periods due to 
disturbance or 
incubation by one 
adult only. 
Share of incubation 
Egg chipping intervals 
(hours) 
Eggshell disposal 
Incubstion shared, 
male and female 
incubating for 
approximately equal 
times. Brooding 
spells shorter than 
in Greenshank. 
Ranged from a mean of 
81-88.5 over three 
field seasons (191). 
Greenchank 
(d) Older birds 
breed 
earliest. 
(e) Laying may 
partly be 
under genetic 
control. 
44 (26) 
Typically begins 
on laying of 4th 
egg but occasionally 
begins between 3rd 
and 4th egg. 
Incomplete clutches 
may be covered at 
night or during 
severe weather. 
24.3 (36) 
Annual variation 
occurs. 
Incubation shared, 
male and female 
incubating for 
approximately 
equal times. 
Males mainly 
incubate at night. 
92.2 (19) 
Variable. Some birds 
remove all shells, others 
none. Removed shells 
often carried and 
dropped in the air 
from a height into 
pools and ditches. 
6 
Variable. Some 
birds remove all 
large shell 
fragments whilst 
other birds less 
vigilant. Shells 
carried an average 
Length of time 
chick in nest (hours) 
3reeding success: 
% nests hatching 
, eggs hatching from 
successful nests 
Re-lays 
lime to produce re-lay 
(days) 
Chick weight (g) 
Chick size at birth 
as a of adult size 
Weight 
Bill to fe-; thers 
Tarsus length 
Egg chick correlation 
at hatch 
Redshank 
Time of hatch and 
weather conditions 
may be important. 
Nests hatching at 
night or during 
bad weather often 
do not have shells 
removed. Damaged 
e_gs often removed. 
10.2 (104) 
Weather and hatch 
synchronicity affect 
time chicks remain 
in nest. 
62.5 (560) 
Annually and 
locally variable. 
38.7 (335) 
Up to 2 repeat 
clutches produced 
(brood replaced if 
lost at early stage). 
If pair remain 
faithful, 12.4 (8). 
Greenshank 
of 150 m and then 
dropped, often 
into a pool. 
Damaged eggs known 
to be removed. 
Some adults hide 
shell fragments 
under nest lining. 
Ranges from 4-25. 
Weather affects 
time chicks remain 
in nest. 
78.4 (111) 
nnnually variable. 
92.2 (87) 
Up to 3 repeat 
clutches produced. 
Regional variation 
in ability to 
re-lay. 
13 (15) 
If pair split up, 
13.2 (8) 
15.6 (833) 21 (74) 
11.6 
30.1 
59.1 
Egg volume v chick 
weight 
Pearson's r=0.729, 
p 40.001 (u2) 
10.5 
9 
Egg weight v 
chick weigh;. 
Pearson's r=0.556, 
p . G. 01 (13) 
7 
Brood care 
Brood rearing areas 
Brood mortality 
. Fledging 'success 
Fledging period (days) 
Breeding habitat 
Redshank 
Both sexes initially 
attend brood. Later 
in pre-fledging period 
one adult often 
deserts. Occasionally 
pair accompany fledged 
young. 
Some areas 1Qlown to be 
used by specific pairs 
in different years. In 
coastal birds, tidal 
patterns may affect 
areas used for brood 
rearing. 
Mortality is heaviest 
in first few days 
after hatch. 
Variable between years 
and localities. On 
Ribble marshes 
(England), overall 
fledging success 
estimated at 26-34, ö. 
In Wangerooge (Germany) 
fledging; success 
estimated at 50; ö. 
26.5-35 
Wet meadowland, rough 
pasture, moorland and 
coastal saltings. 
Greenshank 
Both sexes initally 
attend brood. 
Female often deserts 
brood in early 
half of season. 
Occasionally male 
deserts brood. 
Both members of 
pair sometimes 
accompany fledged 
young. 
Traditionally, 
pairs take their 
young to the same 
area each year. 
Male leads female 
and chicks to 
feeding grounds. 
Much reinging at 
this stage. 
Weather may cause 
variation. In some 
years pairs leave one 
area for same area 
to be occupied by 
another pair. 
Mortality is 
heaviest in first 
few days after hatch. 
in Spey Valley 
(Scotland), 31.9% 
chicks fledged from 
47 young which 
left nest. 
25-31 
Blanket bog, stone- 
littered wet 
moorland; and 
forest marsh in Spey 
Valley and northern 
Europe. 
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Nest site 
Breedin density 
Matin; system 
Age of first breeding 
Age related breeding 
variations discovered 
Kate fidelity 
Redshank 
In tussock of grass, 
sedge or heather. Canopy 
normally conceals eggs 
from above. 
On Ribble ma2shes up to 
115 pairs/km . On smaller 
marshes, density ranges 
from 1-12 pairs/ha. 
Locally, populations may 
reach very high density. 
Monogamous. Polyandry 
and polygyny occasionally 
recorded. 
1 and sometimes 2 years. 
Older birds arrive back 
earliest, lay earliest 
and produce largest eggs. 
Old birds are more likely 
to breed successfully 
and as a consequence are 
more likely to return in 
later years. 
One pair together for a 
minimum of 5 consecutive 
years. . second pair 
were to8ether 5 times 
over a period of 9 years. 
46% of birds returning 
in 3 consecutive years 
mated with the same 
partner. Some birds 
change mates every year. 
Greenshank 
Nests situated 
beside stone or 
rotting timber. 
Very rarely nest 
placed beside no 
obvious structure. 
Ranges from 
0.01-2.5 pairs/km 
Locally there is 
large differences 
in density, with 
large numbers in 
very good areas. 
Monogamous. 
Polygyny occasionally 
recorded. 
2 years, but 
breeding attempt 
may occur at 
1-year old. 
Fiore experienced 
birds cocalete 
clutches earliest, 
laying lighter eggs. 
Older birds are 
more likely to 
return and breed 
successfully than 
young birds. 
Thought to remain 
faithful to partner 
from one year to the 
nest. Quantifiaole 
data not 
available. 
Nest site fidelity Same nest scrape only Each nest scrape 
rarely used on consecutive used for an average 
years, of 2.6 . 0.09 years 
(117). 
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Red shank 
3reedins site tenacity Age and success in 
previous year 
important. hales 
more likely to return 
than females. 
Weeding site dispersal Sex differences exist. 
After nest failure pair 
more likely to split 
up. Males remain site 
faithful whereas females 
are more likely to 
disperse after failure 
resulting in mate 
separation. i : ithin 
season dispersion 
similar to between 
season dispersion. 
Greenshank 
Age and success 
in previous year 
important. Older 
successful birds 
more likely to 
return. 
Faithful pairs less 
likely to disperse. 
Effects of success 
and mate separation 
uncertain. 
Natal philopatry Hig01 h. ti large percentage Probably hi; h. 
of chicks which fledge 
and survive the first 
winter return to breed 
in area of birth. 
No sex bias. 
Natal dispersal No sex bias in dispersal Unknown. A ringed 
distance. Both males male nested 
and females return to within 1000 m of 
within 600 m of their its birthplace. 
birthplace (20). 
Voice For detail comparison study Sonagrams 
(Appendix 5). 
Song flight: 
Function 
Height of delivery (m) 
Mate attraction. 
Approx. 10-50. 
Attract mate, 
advertise presence 
and apace out 
breeding pairs. 
Normally 50-200. 
Rarely very low 
(lOm) and up to 
g 30Cm. 
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Period of delivery 
Nest relief 
Alarm calls 
Brood care 
Redshank 
Most frequently in early 
morning and late 
afternoon/evening. 
Mainly prior to laying 
and particularly after 
large number of nests 
lost. 
Not particularly 
elaborate. Later 
stages often conducted 
in silence. 
Noisy in latter stages 
of incubation and with 
young. In early season, 
nest and general area 
often left silently. 
Displacement song may 
be used at times of 
stress. A variety of 
special calls are used 
to silence chicks in 
nest. 
A number of calls are 
used to control and 
comfort chicks. May 
be individual and sex 
differences in calls 
used. Once chicks 
have left nest, 
11 
Greenshank 
Early morning; and 
evening. 
Particularly before 
laying and then 
before hatching. 
Unmated bird may 
sing at any time 
and with great 
vi gour. 
Ritualised nest 
change. : iary birds 
take longer to 
change over. 
Generally very 
noisy, using 
rapid 'c iin chip' 
calls. Functions 
uncertain but may 
serve to indicate 
continued presence 
of breeding pair 
through incubation 
period (Nethersole- 
Thompson, ners. com,. ). 
are used to 
control chicks in 
egg and nest. 
Very demonstrative 
in latter stages 
of incubation and 
with chicks. I"a. le 
may sing over 
hatching nest when 
disturbed. Alwrm 
calls serve to 
call up off-duty 
bird when danger 
threatens. A variety 
of special calls 
A wide variety of 
calls are used to 
comfort chicks. 
Once chicks have 
left nest 
controlling calls 
may be detected as 
Cc: vact calls 
:n ti-predator strategy 
Red shank 
control calls are more 
subtle and may only be 
detected at close range. 
Adults respond to alarm 
calls of chicks, sometimes 
going 'frantic' and 
hovering over individual 
in trouble. 
Used when moving across 
breeding ground and when 
arriving at feeding 
ditches and pools. 
Ne. -. ts in 'nigh numbers, 
locally at high densities. 
A group of birds may join 
together and hover over 
enemy. Whilst hovering, 
the legs are dangled and 
a number of confusing 
'shrieking' calls are 
used. Will attack 
aerial predators such 
as Herring and Lesser 
Black-backed Gulls and 
Kestrels. 3enefit in 
some areas by 
associating; with 
Lapwings (Rankin 1979) 
and Common and Arctic 
Terns (t is study). 
Greenshank 
changes of pitch 
from normal alarm 
calls. Nay 
become aggressive 
cnd demonstrative 
when brood in 
danger. 
Used when moving 
from one feeding 
area to another. 
When silent, may 
sometimes encroach 
on another bird's 
territory. If 
discovered, usually 
evicted. 
Aggressive when 
threatened. Will use 
low rapid flight and 
'shrieking' calls to 
frighten predator. 
Will strike pred<:. torw 
such as Crow 
Corvus corone cornix, 
Kestrel, and ground 
predators such as 
Stoat Mustela ere: _nae. Large ground Dreu<: vors 
such as ried Deer 
Cervus elaDhus may 
be forced away by 
diving flight, 
whereas Red Foxes 
Vulpes vul^es may be 
led away by a 
distraction display. 
Young children 
reacted to in a 
different way from 
older people. 
Anxious birds with 
young have struck 
humans. 
Breeding distribution Breeds in Continental Broods in west 
middle latitudes, mainly Palearctic across 
in temperate and steppe Continental upper 
but overlapping into middle latitudes 
12 
ý ea studied 
Redshank 
boreal and t, editerranean 
zones. within oceanic 
regions extends into 
subarctic and marginally 
into low arctic 
(Cramp & Simmons 1983). 
Ribble Marshes, N. 1. 
England and N. 
Lancashire. 
Wangerooge Island, 
west Germany. 
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Greenshank 
south of tundra, 
through taiga and 
forest zone to 
fringe of steppes, 
and also extending 
to boreal oceanic 
regions (Cramp & 
Simmons 1983). 
Northern and north- 
west Scotland, 
Scaninavia and 
Soviet Union. 
Redshank - Greenshank Review 
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A Sonographic Comparison of Selected 
Calls of Redshank and Greenshank 
This An endix compares a few of the more important calls 
used by Redshank and Greenshank during their breeding season. 
It is hoped that in the very near future a much : ore detailed and 
thorough comparison may be made. For a full review of Voice in 
Greenshen see 'le, hersole-Thompson and Nethers ole-`i'honpson (1979) 
P. detailed description of Redshan: voice is published in 
The Eirds of the *. estern Falearctic Crarýp & Simmons 1953). 
A total of 8 Redshank and 6 Greenshank Sonagrams are exhibited. 
'k; hilst this is only a fraction of the calls which could be represented, 
it is hoped that this small selection gives an impression of the 
degree of similarity and difference which exists between the two 
species. 
Ideally I would have liked to compare calls of all the shanks, 
but in reality 
this is beyond the scope of this work. 
Sandpipers (in -)articular the 'shanks'), are vociferous and 
sufficiently numerous and accessible to make recording on the breeding 
. -rounds fairly straightforJard 
to the dedicated sound recordist. 
Sand ivers therefore offer excellent opportunities for understanding 
-nd interpreting functionally avian communication. It is also 
possible that detailed analysis of voice could lead to meaningful 
discussions on the relationships between different species. inally, 
at the species level, comparisons of individuals could be made with 
an aim to highlighting differences and in particular dialects, as 
has been done for some passerine species. Certainly, from my own 
15 
experience of two . edshank nests, there was considerable variation 
in the breeding calls of adults. Unfortunately, the sexes of the 
two individuals involved were unknown so it is possible that the 
difference in calls was sex based. 
The standard ', Jai- of illustr atind; and analysing calls or song 
is the 5onegra! a(Sound spectro ram providing a three-dimensional 
representation of sound (see Cramp & Simmons 1983). Periodic changes 
in air pressure nrocuce bird sound waves differin.; over time, in 
amplitude an- fresu ncy 
(number of cycles her second, hertz). 
Birds hear vari. tiouS in sound waves in terms of loudness and pitch 
respectively. 
In the Son gram, the horizontal axis gives information about 
time (seconds), the vertical axis information about frequency 
(kilo hertz) i_e. ho'.: high or low the sound is pitched. The density 
o_ sh-rding- indicate= relFtive loudness 
(anplitude). Generally, 
son-,; r ar.: s ive a_ eli__le graphical representation of sound 
produced. 
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cýils p7Dhic lly re^re =Anted in : >ona-rnns 
'ale song repeateI 'Tu Tu' used by m -le whilst car; ins; out 
s-itchbac'_: unction: n, to attraction. 
soh. - on : round 'Iiweeo-Taweeo' followed by conulntion c11s 
consist of a series of ratulir, ý calls which are : ive. -- prior 
to and Turin. - copulotion. 
C c_ lls In absence of a3ults, chick used short `peep-peep- 
poet-pee 'c . 
ll, unlike the more typical disyllabic c . ll 'bsi-bJ' 
s: -, own in onagrarn D. 
D du1. rezarnin to brood in nest Adult gives slow rhythmic 
'chip-chip' calls. Chicks call prior to and after adult calls; 
'bsi-Dsi 
" 
E lt anrroaching brood in nest Now very slow chipping calls used. 
C'-, -' _ ek call 
in response to Gpproo thing adult. 
F :. _lt arrives at nest Adul t gives explosive calls -a series of 
'.. o': kok' or twak-ýwak' as it arrives at the scrape. Chicks call 
it _ esronse. 
e;: ci tec: scuealing call used by broodin: - adult; ' nurneer- 
:: uT-eer' or'Kemeer-iiemeer'. 
..:. s econ_ call used 
by L brooding adult whilst in attendance of a 
-roo A series of bubbling type calls rendered as 'oo-rooh-oo- 
rook-oorooh-ooee-ooh'. 
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Greenshank calls graphically represented in Sonagrams 
A Male song A repeated 'Tew-Hoo, Tew-Hoo, Tew-goo', given whilst 
carrying out switchback flight. Function: spacing, mate attraction. 
B Male corulation call A rattling/grating call given at a period of 
intense excitement as the male approaches and then copulates with 
a mate. 
C Fernale ells Just before she reaches the nest. Rendered 
'Kluk' or ': nook'. Chicks call in the background. 
D Female st-ndins< beside nest Gives very loud and harsh 'Kwak' calls. 
Chicks call prior to and after adult calls. 
E Chicks calling in nest 'Pee-peep', followed by harsh 'gruff' call 
of adult. In this case there were 14 'Peep-peep' calls given by 
chicks and on 13 occasions these were answered by the 'gruff' call 
of the brooding adult. 
F Chicks calling in the nest in the absence of an adult. This is 
a slightly more stressed 'peep-peep' call. 
2 
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Selected Greenshank calls. 
A 
sý 
" 
ob i 
kNj 
o yf 1.0 1.5 2.0 
2"5 
7. 
s4 
s 1ºýj ! I1 º1,4 
'' i '1ýº 
ý` 1ýý 'tiý tl+ 1.1. 
z, 'YI 
kHl 
1.0 1"s 2's 
0 sec 0-s 
3=r vº 
2ý 
tMj 
Q sec 05 1.0 
15 20 2.5 
23 
D 
4 % 
3- 
0 sPC 05 
4. 
3ý 
1" 
kHzi 
0 sf. 05 
F ý+ 
s 
sý 
34 
zi 
kHz 
IL- 
0 Sei 
r*kkk 
ti 
III 
t"5 
,,, 
20 
20 
rs 
25 
W-r 
ýý ,1 wý 
K 1.5 
olvm '_ 
IC 
'IN 
0-5 10 1.5 2.0 zs 
24 
A Comparison of Selected Calls used by Redshank and Greenshank 
The song of the Redshank is less obvious than the display 
flight of the Greenshank. The Greenshank is a highly territorial 
bird (Nethersole-Thompson and IJethersole-Thompson 1979), and as such 
proclaims its territory from a great height in the sky. The Greenshank 
display also serves to attract a mate from the available birds. 
Greenshank song may be heard at a distance of several miles. The 
Redshank display is less loud and normally carried out from much 
lower in the air. The main purpose is to attract a mate. 
In both species a rattling call is used prior to and after 
copulation. The wings are held above the head and are vibrated at 
great speed both before and during coition. The sonographic analysis 
indicate that the rattling call is more rapid in the Redshank but 
occurs over a similar frequency range as in the Greenshank. 
The chick calls in Redshank and Greenshank are both disyllabic 
whistles. They are basically very similar in both species.. 
Adult 'chipping' calls are uttered both prior to returning to 
eggs and in the presence of chicks. :. 11 Sonagrams showing 'chipping' 
have been made from birds attending young. 
In the Redshank section, Sonagrams d, e and f show a bird moving 
up to a nest with chicks. In every one, chicks call at one stage. 
The 'chip' calls of Greenshank occupy a similar frequency band as do 
the 'chip' calls of Redshank. 
The calls of the adults as they arrive at the nest are very 
similar (see Redshank f and Greenshank C). 
The calls of adults brooding chicks are quite different in both 
species. In the case of Greenshank, the brooding adult-uses a harsh 
'gruf' call to control chicks. 
25 
j 
Redshanks have been found to use a variety of calls in the 
act of brooding young. The function of these calls is not certain. 
The general level of excitement of brooding adults appears to be 
very high. In the case recorded, one egg hatched whilst recording was 
taking place - the excitement registered may therefore relate to the 
appearance or the sounds of the newly hatched young. 
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APPENDIX 6 
The relationship between female weight 
and wing length with egg length and breadth. 
Female Mean egg 
Wing 
Specific name Weight Length Length Breadth (n) Authority 
T. erythroous 157 170 4.700 3.280 100 D. A. B. 
T. totanus 134 163 4.501 3.182 101 P. S. T. 
T. stagnatilis 76 142 3.900 2.700 75 B. W. P. 
T. nebularia 194 193 5.143 3.480 100 F. C. R. J. 
T. melanoleuca 185 193 4.890 3.300 53 A. C. B. 
T. flaviDes 84 163 4.200 2.890 51 A. C. B. 
T. solitaria 49 136 3.600 2.550 68 D. A. B. 
T. ochropu, 85 146 3.910 2.800 100 F. C. F. C. R. J. 
T. glareola 73 129 3.834 2.640 100 F. C. R. J. 
Xenus cinereus 75 137 3.863 2.664 80 F. C. R. J. 
Actitis hyDoleucos 50 112 3.640 2.627 100 F. C. R. J. 
A. macularia 51 109 3.200 2.300 88 A. C. B. 
A correlation analysis to examine the relationship between female size 
and egg size. 
Pearson's correlation coefficients (r) 
Mean egg length mean egg breadth 
Female weight 0.966*** 0.959*** 
Female wing 0.959*** 0.939*** 
Authority: D. A. B. D. A. Bannerman 1961 
B. W. P. Birds of the Western Palearctic 1983 
F. C. R. J. Francis C. R. Jourdain 
A. C. B. Arthur C. Bent 
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*P? DIDI: 7. Factors associated with timing of breeding in waders 
NATAL 
PHILOPATRY 
SPECIES! NO. AND /REEDINC INCUBATION; 
FACTORS ASSOCIATED WITH MATING CLUTCHES SITE FLEDGING 
LAYING DATE SYSTEM AND RELAYS FIDELITY PERIODS STUDY AREAS SOURCES 
1. OYSTERCATCHER 
(HAEMATOPUS OSTRALECUSI 
Food during pre-laying Nonoga oua. Single Low natal 24-27; Aberdeen- Barris 1967 
period and timing of till- So. etiess brooded. philopatry; 28-32 days shire; 1969.1970; 
ing and sowing. Inland and bigamy by Relays of breeding site Skokhol0, Neppleston 
eoastal populations differ. sale. Inou- 11% nests fidelity wales 1972; 
Age appears to be batten predated in strong, esp. trios 1904 
unimportast. shared; Scotland ecially in 
f*Nale takes sale. Highly 
largest part suite faithful. 
2. RINGED r101[N 
(CNARADNIUS NIATICULA) 
In Arctic, breeding is Monogamous. Rarely 
delayed when snow clearance Ritary recor- double 
to late. farther south ded rarely. brooded. 
(e. g. U. K. ), Is related to Incubation 
Relays 
decreasing risk of agg shared. frequent 
predation. Nests at higher tup to S 
altitudes and latitudes are recorded) 
latest. Timing does not 
coincide with most abundant 
food for chicks. Weather 
in teaperste areas may be 
unimportant. No evidence 
for age effects. 
3. MOUNTAIN PLUM 
(C. MDWTANUS) 
Cold and wet weather delays Rapid wlti- 
Relays 
breeding. Very hot weather clutch als- readily 
terminates laying season. tem. Hale 
Mo evidence for age affects. Incubates 
first, and 
resale second , 
clutches. 
Second clutch 
not always 
fertilised by 
same sale. 
(C. MOOIUE6LOS) 
At high altitudes and 
latitudes laying deter. 
Mined by snow welt. I. 
torparate regions breading 
1s earlier when air 
te. oerature (May) 1s Man. 
Laying sessee condensed is 
late yeas. urnots er 
sie unknown. 
Moderate 2; -2S; Greenland; Bob 1962; 
natal philo- 19-25 days Morthusdter- Gluts at all. 
Petry and land, 19'15; Örtaa 
breeding site England. at al. 
fidelity. No 1977; 
sex differ- ºientowski 
ences. Mate 196$ a, b 
faithful. 
Moderate, 25.31; M. L. 
natal philo- 33-31 days Colors", 
patry and. O. S. A. 
ereedint site 
fidelity. 
Male more 
faithful than 
tamale. 
Monogamous 31n le so data; low 2+-28; mental ; 
and dome- brooded. breeding 24.3O days Finlund; 
times poly- Fe.. le woo site fidelity. Scotland 
androus. tides relays One female 
Incubation for sale recorded In 
generally by losing first sage arte for 
male. Female clutch. 5 years. 
my lay 
for several 
Sales and 
shares 
incubation 
towards 
hatching. 
S. Got= nA. a 
(fLRý1LLIS URIC&R14% 
Delay Is MwdIOR following liamogsamis. Single 
many b of aeew. Sell SISW P"K. eraceea. 
a" M1ltat athets teed IncwNtioa Readily 
quality a" layl date. shored. entry (W 
Lane or*aa eeveg by anw to 2 
rewita is kipp meat press. Mcoreed) 
tine In early NyNers. do 
relationship found with food 
ter *Die1a, or between 
arrival data aM age or 
"tomes Ixte. 
moderate 21-341 Norway; 
Meal Milo- 2! -]l days kltals 
Petry. high. 
K breeding 
sftý hda"1Sty. 
Mate faithful 
(disoree 
recorded) 
N1Se 19Th. 
Oitt1Jluw 
1962; P 11. 
iaism 1970 
1971; Yatam 
a Farr 1973; 
K. LMrae1N 
? bampom 
197); 
61 a 
"Jefti 
19841 OSA? 
a mm pul 
4te11tt. 
1rni 
eyrkje"l 
1971.100: 
Parr 191 9, 
1g0 
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6. urulNO 
(... w os VIEL ) 
pre-laying period Is short- Moeegawus. Single Moderate 25-39; Central Noiscedt 
oat uses food aast avail- º! gaay brooded. petal ºAilo- 29->92 days Scotland; 1975; 
able. In . astral Scotland occasional. Ilany relays. Petry and Incubation Hampshire. Jackson 
lay apros. S days earlier Incubatlen branding period sior- Endland; Jaeksoe 1975, 
is arable than Is tough shared; site tar towards Sweden. 1900; 
grazing; however, la11ag female takes fidelity. end or Galbraith 
stases is almost a month greater share. Sane notable season. Very / ,. 
shorter in arable fields. esceptions. los` fledging 
Lq earliest In mild springs. periods if 
Lanar cycle and social st1imb- awaar very 
latlee any be important. dry. 
Effects of awe waknorn. 
T. £10T 
(CALIDII3 CASDTOS! 
lreleaS. O W AV am 
want DnNias. trs- 
igiK period Is iaas if 
teed to Deafen. 1101109 Of 
"aatias my be affect" by 
early spring watlar; bstob 
aopaan to asiacida with 
peak emergence of eRiraw- 
ai0s. Aga DffactS untaora. 
S. SANDRUND 
(C. AUM 
TiolM of snow "It 
Importast. Considerable 
Dasitat variation. Age 
*ftaeta Unknown. 
9. SO(IP&U&? O SIIDPIPU 
(C. PUSILL*1 
Arrival earliest whom 
weather is Silo. Westher 
highly uwpheietasle. Mon 
experienced birds lay 
earlier. 
IO Q$amas. Sinns 
Incubatlae brooded. 
by both. Relays? 
male take 
l. rg. r sham 
Noeopaow. Einfile 
Sometimes brooded 
polyandrous. 
Is sere years 
rapid . ult- 
clutch cyst" 
Is Isthurat: 
ºwsle lays 
two clutches.. 
first ineu- 
bt. eb ' 
and seesec 
b sale. 
(both ferti- 
lised by "Of 
aalet). Incu- 
bation shared 
when single 
clutched. 
Mono(. ou* Single 
brOcded. 
Uelgral 
10. Vt3? UI S*NVPIKU 
c. NAUMt 
prl7 seer halt correlates Monogsaous 
with early seating. Chie s 
hatch ~106 use r1rat 
M, Or emergence or Insects. 
street* or . sp aaanwwn 
7 21-22; Massare l.; r1L. t 1972; 
18-20 days Vrrnjelya Hob. au 
Island, 1972; 
31b. ri"; M. ttl. ship 
M. L. 1974; Grass 
Or.. alas& at al. 
1917. 
T; soae 24-27 (31); Bathurst Pamela 
records of S 17 days Islsad; 1970, 
br«din M. L. laruelse d 
fidelity Or. alawd Pafft 1973; 
(. spacialif tiwrnrati 
in ma1u1, & Oren 
1976; or" 
at at. 
'Ti. 
1bderate 20; 
natal philo. 16 days 
patty and Manitoba, 
high breading 
site fidelity. 
Latter mist 
arten If pre- 
"lous brooding 
attempt is 
suCCelsrul. 
Nate rid. ittr? 
Borrow. 
also"; 
NYdsae Val, 
Cafl$ . 
Ashkaostie 
I Safriol 
rtik 
Grotto 
at &I. 
, WT 
Single moderate- 21$ 
brooded. natal ph11c- 17-16 days 
1lel%ys when patty and 
nest high brued- 
predated Ing bltr 
fidelity. 
Se.. birds 
use say. 
ae. W to 
Consecutive 
Fears. 
29 
Kolosak 
alstr 
(Sub-*reue) 
WA Nrrw . 
£ssMe. 
Bolden 
1971.1912,. 
it. TDRINCS"s STINT 
(C. TLetNINC[I) 
Nrly laylug lt readies Rapid double- Double Moderate 21-22; V. Finland mildem 
eosditlobs os osntal tidal clutch brooded. natal Philip- 15-13 days 1975,1978, 
flats are favourmele. gataN. resale may Petry and 1979. 
match coincides With man Successive relay for high breading 
perpnoe er ehironpla. bidaq. Each sale losing site fidelity 
Lrtecta et age unknown sale ferti- clutch? Rares, espe" 
lises 2 eially older 
clutches to birds, show 
his territory, strongest 
and incubates tendencies. 
first. Each Fair bond 
resale lays 2 is weak 
clutches on 
separate 
territories 
and incubates 
second. 
12.1.1LST SLDPITU 
(C. MIIUTILLA) 
Carly hreedIn& Will" spring Monosasous Single 7; breading 20-21; Sable Miller 
is marls and food is avails- brooded. site fadeli- ? days Island, 1979,1903 
eis. Most experienced birds Relays ty strong in Nova Scotia, 
and ralthful Pairs east sales but Canada 
earliest. data not 
available for 
fessle.. 
Strong ante 
fidelity. 
13.8011.11 
(C. LLp Mil 
Arrival ties varies slight- Itc ogssous. hehle Moderate 21-221 S. Finland; Raises 
l2 with weather; old birds Sequential brooded, natal philo- 18-20 days barros. 1966a, b. 
arrive first. Is rar Worth kipry in though patry and Alaska. 1970; 
show welt affects laying fwlea doubles strong breed- Soikkell 
ssaaoa; further sou" fasst- receded. recorded. Ind site 1967,1970, 
isr Linked for esleks to Incubation Relays fidelity. 19741 Green 
batch around peak allergen" snared, frequent to especially In &1 1977 
or ebirposia. Older aid sans years sales. 
sate faithful pairs broad and rare in Females show 
earliest. Age effects others strong nest 
ask s, alte tenacity 
when sated with 
"so Males. 
St-m of 
pairs reform 
in 4 years 
IN. STILT SANDPIPER 
(11ICRO? AIAM6 HIMAMTOPOS) 
Is vet and cold pears food homologous Single Moderate 19.5-21; Churchill, 4Ml 1973. 
is lap available and Rest- brooded. natal phtlo- 17-15 days Manitoba 
lad delayed. Older Mira Relay if Petry and 
and established pairs breed clutch breeding 
earliest. lost early site fideli. 
in season. ty. Plate 
fidelity 
high. 
ISMANE 
(TMIMGi 70765113) 
nestie is delayed by cold Moasgassus. Single Moderate 2? -31; Yangerodse, Grosstopf 
and vet weather as early Rilaq rare. brooded. natal philo- ) 26.5 days. Y. Germany; 19,3a, b, 
spring which affects eerie- incubation Relays occur pstrl; brae. Incubation Ribble marsh, 1959,19u. 1 tattoo growth. Coastal ca.. shared. if nests ding site p""riod M. Y. England; 1970; 
pared with island birds lost. Some fidelity shorter Sotaet Onion. Hale 1950; 
bread earlier aha have lon- lay replace- strong nape- towards end sale 6 
er laying seasons. Lunar sent ah. tclf cially in of season. Ashcroft 
cycle w sprlsM/Osy odes after lop sales. birds 1962.1933. 
any be lseelead. Older and of brood in abut faithful Staerel A 
roste-faitüful birds broad first few to alte It Scheuflor 
earliest. days. breeding me 1904; 
succeastil in P. 34. 
Previous year. unpubl. 
Divorce vela. ihaud 19d . Ned to breed. 
tea enure; 
ecellft within 
sad between 
seasons. 
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16. GMIZNSK&K 
(T. NOul. aaIa) 
Is Lapland laying swans nommosus. Single moderate 23-26; Lapland; NeLhersole- 
related to WAN oaa'. IS sipay brood". natal philo- 25-31 days N. M. Thompson 
U. K.. Rest earlier is Years ntwrrad 36 relays patry; very Scotland 1951; 
when April and Hayawssre oecant allst r.. M'Md high `reeding Nsthersole- 
Oiler females kn" ssrli- IncWstlss site fidelity. Thompson 6 
sat. Some irdleldaals are shared 24% state Nothersole- 
oossistsntly early. others used by sane Thompson 
late. Territories bordering resale Yet 1979; 
rivers contain earliest least twice. Thompson 
clutch". Natnfall old -_ 
Match success at al. 
fall in early spring. and does not art- 1,9 W D. U. T. 
weather Is June. have an act breeding at al. 
Offset site fidelity. unpuel. 
17. COIIION SanopIf6N 
(*CfITIS Nlf01d000Sº 
meeting cry be earliest Reassesses. Single Moderate 21-22; N. England; Holland 
when early spring is slid Seoasntlal brood". natal philo- 18-20 days N. M. at al. 
aus food is abundant. Rolland" Relays Retry and Scotland 1982; 
Little published os timing recorded. occur breeding site Nethersole- 
of laying season. Rainfall Incubation fidelity. In Thompson a 
sea habitat differences say shard N. goal Wig Nethersole- 
be fmportanti 915 Sales and Thompson 
77% resales 1979; 
returned to D. N-T. 
sann territory unpubl.; 
In consecutive Jones 1983 
years. Divorce 
between 
seasons Occurs. 
19. SMTTND S*N0PIPQ 
(A. IYCNI. ANIA) 
Nut earliest esse food Sol sso us Variable. 
Up 1lederate 21-22; great Gull Nays 1972; 
most abundant is earl) am . erasion- to 
S clutches natal philo. 19-21 days is.. New York; Oring 6 
spring. First clutches ally senotan- recorded. Retry; high Pelican Is., Knudson 
coincide with first Peak in orn. Serial Lach sale breeding site Itasca state 1972; 
food supply; hatching Rolfandt7 and Incubates one fidelity. 
lei park, crime 6 
Oman some tow 10 pat hsppreo- clutch; males and 
T5% Ninesota, Marine 1978; 
Abundant for Ohio". P1ev- dotaas Poll- resale We females ret. Y. S. A. Massen a 
lark br odes" Best earli- awry common. clutches for urn to same Oring 1980; 
sat. at is densities considerable several stales or adjacent Oring a 
aggresaton results Is veratlons and my share 
breeding Lank 1992; 
delayed sewdlg. attributable incubation or sites. In OrLas 
to habitat, one. Relays chinks, at al. 1933 
Incubation follow clutch females more 
shared In loss. highly 
somodamous phi lopatric 
pairs; other- 
vim male 
ismrMtes 
first clutch 
ad tonal. 
shares to 
last clutch 
19. TONNSTOM[ 
(AN[NANIS INMPNtS> 
early anew sielt results to Nonoeaaous. Single hilt, 22-25; Kllessere Vuolanto 
early breeding. Social both sexes brooded. sreecir4 19-21 days Island, 1968; 
stimulation way be taper- incubate. Relays site fiaelity. North Nest Nettleship 
tent as nesting 1s highly though recorded 
aste faithful Territory, 1973; 
synchronous. Most Naate" resale store ). 
1 Year Caned.; Green at al. 
coincides with pah tow consistent. e. g. 1977. 
simply for chicks. wrests Greenland 
of alp unknown 
20. RED-09CNCD PNALANOft 
(PN1{. *NOP9S LONeTNNI 
Meet earlier if early Dslfasdroua Single Moderate 16.5-20.5; V. Finland; Milano a 
Opelas is sll&. are tog (sequential brooded. natal philo. 320 days N. Sweden 9uolants 
asu dsnt. arriesl anti laying sad is a mate ; neu. Petry and La Perouse 
1972; 
esiaeldes with Ma! aheered. leaner bates one - breeding Manor 1972. 
Race st uhirwssias. Nest astest slsul- clutch; site fidelity. 3ay, lfanitoba , i, evnolds 
esperleseud birds arrive taasewl. resale may Sex bias and Canada ^9bµ. 
sad three eerllssýt. 
Olson" for heritability 
Ou12 sale 
Incubates. 
icy two 
fertilised annual variations 
. 
of laying date. by different in natal philopatry 
Rules. exist. Eestinf 
success may influence 
breedint site tenacity. 
31 
APPENDIX 8 
The total number of nests found on Banks Marsh and the 
number of nests found within the restricted area. 
Year Total nests found 
1974 142 
1975 192 
1976 182 
1977 203 
1978 203 
1979 185 
1980 171 
1981 206 
1982 143* 
1983 198 
1984 197 
1985 165* 
Nests found in restricted area 
140 
165 
169 
164 
147 
145 
127 
173 
116 
169 
161 
122 
In 1982 and 1985 the number of nests found was well below average. 
In 1982 the majority of nest finding was carried out by a single person. 
In 1985 adverse weather conditions over the winter reduced the breeding 
sick, such that fewer birds appeared to breed. 
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APPENDIX 9 
Oldest birds caught 
Tear of recapture (No. of birds caught) 
Date of 
ringing 1983 1984 1985 1986 
1971 1 0 0 0 
1972 0 0 0 0 
1973 1 1 2 1 
1974 7 12 10 6 
1975 15 ii 6 3 
1976 14 9 7 3 
1977 9 11 7 7 
1; 78 17 18 11 8 
1979 U 15 6 6 
1980 17 11 12 6 
1981 24 17 13 5 
1982 27 19 17 5 
1983 - 21 21 15 
1984 - - 32 15 
1985 - - - 13 
Oldest birds caught during the period of study 
1983 DR36319 Ringed 10.8.71 (Juvenile) g 12 years old 
1984 DR13891 Hinged c 12 years old 
1985 DR13891 Ringed c 13 years old. DR52720 Ringed 13 years old 
1986 DR52720 Ringed 14. years old 
Age at capture (in years) 
The oldest bird found alive on the study area was fourteen years old. 
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,_ , - ýý'DzX 10 
A method for the recorrlinp of Redshank leg colour in a standard 
manner. 
After the 1983 field season, it was felt that Redshan?: le colour 
may be a useful leterriinant of an indi. v= duals age. To test this 
iiea, a recordin-' method was devised which allowed lei colour to be 
recorded in a standard and meaningful way. 
Fri-or to he 19P4 field season, six colours were selected which 
were thought to reflect the range of leg colour likely to br observed. 
In order that the method was repeatable, colours were selected from a 
Pantone colour marker selector booklet. Selected colours were out out 
and stuck on a card, the card was then enclosed. in a plastic wallet. 
PANTOS? E 
1 
11 6MfF 
FA? TTO'K6' 
15O 
F ? TJTON W, ' 
2 FANTONE 
12 7M/F 1. 
ýýi` OILS 
5IA, 
rTQTTE' 
6 
Oran'e 021M/F- 165N%F 
The colours were ranked fro',. one to six. 
1= pale yellow. 
6= bright red. 
The above numbers represent the actual Pantone colours. 
I ETHO 
Wher a bi--d was caught, a leg was washed and then held against 
the card. The leg was compared against each colour. The colour 
most similar to the actual leg colour was then recorded by rank 
on the bird data sheet. 
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AFP-ý, AIDIX 11 
The ni'mber of summier p1umame leathers found on four body regions 
of redshank. The 'lata are for 198, only. 
MAI ( n=116) 7E ALE' (n-116 
r"', ean s. d. Mean s. d. 
Mantle 6.46 5.57 7. c'0 5.34 
Breast 8.55 7.23 7.95 6.08 
iphzt scapulars 2.51 2.44 2.96 2.2( 
Left scapulars 2.49 2.27 2.78 2.14 
Fight secondari? s 0.21 0.52 0.34 0.78 
Left secondaries 0.14 0.45 0.22 0.63 
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